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(54) SEMICONDUCTOR DEVICE, FABRICATION THEREOF AND t|7\RGE1 
(57)Abstract: 

PURPOSE: To form a shallow junction of a source-drain 
region while reducing the parasitic resistance in the 
source-drain region and the interconnection resistance of 
the gate electrode simultaneously. 
CONSTITUTION :'^oron doped titanium 6ls deposited 
on the entire surface of a device. First heat treatment is 
then carried out to cause reaction among the titanium 6, 
a silicon substrate 1 and a polysilicon gate electrode 4 
thus depositing titanium silicide 7. The boron doped 
titanium 6 not subjected to silification is then removed by 
wet etching using a mixture solution of hydrogen 
peroxide water, ammonia and water heat at about 60^C 
thus leaving only the titanium silicide 7. Subsequently, 
second heat treatment is carried out in order to decrease 
the resistance of the substrate 1 deposited with the titanium silicide 7 and the gate electrode 
4. At the same time, boron is diffused from the titanium silicide 7 into the substrate 1 thus 
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forming a heavily doped shallow junction region 8 about 40nm deep. 
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2 

im^mi 0 ] i'V ^yJi±t:>-•-^^eiSfl8^>J:t^•>-• 
-^mfi6^J^fi^^^xst. 

xmt. 

3-6<r>\ ^■f^^*» i mztm(^m»^m(r)^ 

msMin^ztx'. ^mmti^'jziymkifimALx 

v^ssMtcv-u-t-f vm^m&Lx-^u^-i mm^m 

-MSffiS-^^jS-fSXgi:. 

iS*« 3 - 6 ^-m*^ 1 «tCKK<7)4^sSfr^gOSSt 
:fr5SSrfflV>T, frEOXS?JgB!t$ilfcT''<^X<0^1B 

\^hmii>Z'yu^-( m^m^Lx-^')-*r^ KfiBts-jg 

9-4»«0^^!t5!iS: ifiW^ 'J n yii+^&Dc^-y: 
Ty-;^^i^^/>:{iH U-f y^^^i^jSLT LD D«3S 

[i»*jsi2] imm3^6<o^^-rtii}nmzmt(o 
^im^commmim^^x. ^^m^mmizmt?,-:! 

ixtz-^mm^-ti XS b . 

[ mm. 13] y 'J 3 y^Kc7)^ffiic^J$|Ja^^S: 

mhxnb. 

}^-7'^tifz±mmz:mst<.-t^xmb . 
fmmi'ftdzbx\ ^ss^b'y'j^ymi^btf^mi&L 

<DTn<fiaz: '>u^ ymucomm^ymwi^-^i xmb 
itizbi:msibi-imBti^mm<mm:nm. 

mbf^2mmm(or^mm&b im^-tixmb , 

3-6 OU-m*^ 1 3Hciei&(?)#^ft^M<^SSi 
:^S^fflv^•c. ^i^^iO^I6!H()«^t=iit*3y:7 



3 

m^m 7 ] xj-<-yS'mx'm\'^t,ix&^-y-/ h{= 

[0001] 
[00021 

ilTV^S. 4-BT'{5. 2 5 6MDRAM<?5S5f^. ^-h 

[0 0 0 31 L*>t, *Kh7>'>'';^^'$-S5:lffl-fl:t;tnf 
X • K W ycTi^ma {V-x ■ HM y^tS) 

0i.±-c#si:2r.i.. MLx. mfmnm\Lt:'mh\,z 
[00041 mki. 0 . ^m^'ffuxi.zmhz.tih 
j^yyxfy (t iw) , mcf'^y (tin) ijriftfo 
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(000 51 1) -t'J^^-'f 

fittSrlSH^tS^-tS^i: LT. I^Utf'f H (Salici 
de;Self-aligned silLcide) W^I^^KXWh (T.Yo 
shida. .et.al . : J.Electrochemi.Soc. , Vol .137. No. 6, (19 
90)ppl914-1917. #gg) . 

[00061 -sfte-^-y-t-r ("tu-y-'f K^jg) 

SrfflV^/cLDD (Lightly Doped Drain ) ItiiOpf-v 

1^1 (S10(a)#B3) : LOCOS (Localized 
Oxidation of Silicon) feSrfflV-v, nJ^^JSa^viJai^ 

m:im.K mLi\±.^zi^v^ym\m:mm-h. 

g^V^•C. CVD (Chenical. Vapor Deposition ) &$rffi 

X. y-hmtm 3m'y-h^7 4t:j^!&t?>. 

20 [0007] XS2 (01 0 (b) #83) : 

7 A^-iy^yiixm-^x^ bLxm\ m&.7ieomm 

t,KoW^y (B* ) SraEAtT, i5SE^6<J (-fe;U 
XS3 (010(c) #53) : CVDSI-fflV^, Ueco 

xux-Brntitz^ju x<D^mizi^v:iym^m?:m 

-ftJK^x.y^yN'.y^L, :/-^^S7 4^0lBJSfc:1^'f H 
•^^-^UX^-- t7 6 5-Jgfitt2.. ^V->T, ^'-hliS 
74S.t<^^ K'>*-;l/:^'<.-1^7 6lr-f :tyaAfflv 
30 X^'i:tTfflV\ S.«7 1<0*®(C7-y'fbi^PW^y 
(BF2M $-aALT. e^^W{Ci^2gKS1^7 7^ 

[00081XS4 Oil (a)#Bq) : ^:^rttx-y 

^y^^2r^v\ as7 immizm^^hfcmmm^ 
f^-t^, mz, •?y^htiyxf'<"/i^mi:^\-\ ±ia 
(Dxmx'B&^iifzT^u xco^mi.z^i'ym 8 m 

3 0nin) ^m^-tl. 
Xg5 (011 (b) #BB) : m^*t-<50^iJ!lS^^ 
rd±RTA (Rapid Thermal Annealing ) SSrfflVK 50: 
40 a-SJg: 6 0 0--7 0O'Ct-lIi]i«0»jaeiSr4T3. ^ 

cOtem, f-:J'yM7 8i;»«7 K 7-^>K78i:ir'- 

(c:^^'>-i''J1?-'( K (Ti S iz) ^7 9*>'JB^$^^ 
^, f•^yM7 8i:■^^•^ H'>=r-;l'X'<— tr7 6t*iS 

50 



(4) 



^^8-2559 12 



[00091 mz. 6 o-cm&izmibtzmtit^kf^^ 

4OH : H20=l : 1 : 5) 5:fflV>;t'7x •/ bx<yf-y 

7 5 0— 9 0 0X;"C2EiaO5!ftj!!ia^fi'9. 2isia 
O2lHlBi^»i5(!iaJ:;J:0. f-rJ'yv'J-^-^ 9*^ 

t0010]X§6 (011 (c) #M) : ±IE<7)XS 
f-^j-yj^y-if^ HK7 9t3y^'^'b-fS3y^'^' h^f^ 

h ;fs-;w8 1 Hz^mmimLx^mm s 2 

SrjgjR-rS, -e-iO^m. ■(Si8SS1^7 5i:®jg«^l*7 
7t*»i9^Sy-X- HW>^.«83*MiJtLDD 20 

•tiiio p -f-v ^;nwo s h 7 >■ 8 4 ioissis*' 

[00 11] U0SVyy'JX98 3X'^i. ^rf^v-U 

■t'f Ki^7 9*gg*§*in:ittJ:'), y-x- 

y^l^B 3 so^^fiSii: hmS7 4 c^EHgta t A' 
ISI^tCffi^Sili.. i^. LDDajtcOnf-^r^^l-MOS 
h 7y->'X:f S-mt-'&lgfcWs «-ffl«7 5 . 7 7 ten 

[00 12] i-^ymisi~-v^)vm. r5f- 
x'^h {W.A immm^^^WA^mm^mm (i9 

94#) . 29P-ZG-13 . 29P-ZG-14 #HS) . 

2 ) T i /T i N«S>'N''J-V>^';WarflJffl-tl>:fr-S 

'Srfc' t S i *SiJ: *^^-tl. C: t m±'thm&X'i>h 

40 

[0013] -Wt.m:m&<n p ^+:^;UMO S h 5 v 

^^^z^mm^mmhr^^?^^. iii2{3^n-rr 

XSl (012(a)#SS) :01Ot|lll:^ffi-C\ P 
f-v:f ;HVIO S h ^yi^'X^' ?r®Jifc-f § . 
[00 14] Ig2 (01 2 (b) #58) : ji?S«OC 
VD&$rfflv^, HKnxnxm^^titzrJ^^ XcO:tffi 
tzHTO^^BP SGK=5:i:'OJlP^«5^^1 0 1 cJBfiK 50 



IS3 (012<c)#gS) : 7*h'jy:/57-fg» 

0 itc. liriey-x • Yu^iywrnssmj^^-v^ 

74(cjit5ay^'^' h*-;H 0 2-1 0 42: -etl-? 
[00 1 5) IS4 (012 (d) #8^) : -^y^^Vu 

yx>'N-«y^ssrfflv^-c. mmmmi o iji&t;fa 

y:^:7h*-;H 0 2~1 04f^tcTiKl 0 5 (Kil 
3 0~5 0nm) S-m-fl.. 

Ig5 (012 (e) mm :TiR10 5O±lC. V 
ir:i(^V^yXJ^vi>mim^'^X. TiNKlOe (KJ* 
7 0~100nm) 2rJ^^-tS. W>Z^ff)iL^^ r;PS 
(A 1 - S i ( 1%) -Cu (0. 5%) ) 1 0 
7S:?gfi£L, 7*hUyX75'-fS'tg&t^H7'fX.yf- 

s. 

[00 16] c: -5 fc. pf--\'*;uM0Sh7yxX:J' 
i:Aliej|i:<7)«a$r^7§^irl.. MiSTiMlOSti 

S. MIST i NIK 10 6{i, Al tSitt^miff^^ 

Ltct^ty^ Z.(n^mX'\t. y-x ■ HU^>M1^8 3{c 
H-r$ilTV^S:}^'>^ (B) A^Ti^l 0 5+tCt£Sil 

y-x- Yi'^ym^&3(rjT-wm&if^i^T'fh 

tzih. r7y:J'^'^ffi^it(7)::*:l(i^:^ST**a^«b=5rV^|BIja*«^> 

[0017] ^:lX\ icOT i 1 0 5tCB A^iStttS 
Zti^^LX. ^y>Ti]^10 5S:m-fl.B5t:. y 
-X- KU-'f >'S1^8 3tB$r)iJ(lH-fy/1-|>#S 
^^'S^^il'CV'il. (Proceedings VMIC Conference June 
12-13. 1989, P105#B5). Ztli:. 01 SlcS-TJOTSiHB 
tl. i^. 013a~c«OXS»5012a~ctfOXSt 
^tji=5rO-C. SeBB$-*B&U. 'etl.m«0XS»»4>iJiBtt 

[00 18]XS6 (013 (d)#BB) 
lOlS-vx^'fcLT, Mey-X -HU-f >'S^8 3 

m/y-h^74iz. Bi-<^y^xt. mzmm 

tXxSiiitirhZbizX*). y-x - HWyffii^83 

c7)Sffitcff)t^p*/ii 0 8^j^fiS:i-|.. ^<nmi. 0 

12d. ei:l5]m3TiKl0 5/TiN^10 6/A 
1 1 0 7 *»f>^r«.^SEISrJgB£-ri. . 
[00 19] i^-ri.ittCj:'), ^y^'^ h»fii»±. 
mil fjLm.<r>oy'^9 b*-;KCfeH^T3 0->-5 0£2S 

3 ) 3 ySS'VOHffiteliagi: LX H-r K:t='E-9- 

v^yi^>^i^-kmi\t-thfdf)\.z\i, y-x 

• FL'^y^<?)>'^>'f-x;l/-5:R6<'jfiJSA'A>- y-X • 



(5) 

7 

«^ (shallowjunction) ?:mL'5r«t*ltf=Sr^*V\ 

[0020] v-x • h'u>f y|Si^<^av^^^S:^fltf 
-rK*#i>-'f H*fi]ffii-s:frft*«^SH-cv^« (M. 

Saito.et.al.:IEEE,IEDM. {1992)pp897-900. #S) . K 
— r K;f ^-tr-f b' t LT B S G (Boro-Sil icate Glass 
) K^•fflV^7tLDD^S3t^Op^•v^^;^MOS^7y^'* 

:^ :J'<7)iS!ji:^$- ,014 Rz/m 1 5 ic^tVnV 10 

C0021]IS1 (014 (a)#8S) :KilEt7t^f 
'J-t-f HffiCiJttSXSl (SIO (a)#,^) tPIt 

(014 (b)#H3) : CVD&rfflV\ Jiieo 
XS-eifM$tt.JtT^N'^ ;^c7)^®{c.-Kn >1i« : 4 x i 
02icni-3<7)BSGM (JIW : 1 OOnm) ^Jg^-f 

BSGK2:JgBfc-t*{c:{S. C VDfi^ftBStcfcv^T, 20 
mf4;!fXT*)l.i'7>' (S i H4) )(}Xl,zi^^^7y (B2 
Hs) Xf;^^SSiirrix»fiv%. <xt::. ifeffix-/f->'N'y^' 
&rfflv^-CBSGK$-x-yf->''?-y:7L, y-hmS74 

[0022] IS3 (1114 (c) #Bi) : RTAj£$r 
ffiv\ jasi^ : 3#^, 9mMJS. : 1 0 0 0-CT 1 

9 2rigfi!4-ri.. 

184 (0 1 5 ( a ) #83) : M8ffi7 4at/1?-'f 30 

H'>*-/1';^'<.— ^f9 15-'f:t>'aAfflv;^^'f:tTffi 
S^7 liO^ffit^y-y-fbt-ny-^^yaraEAUTs 
SeS-^6*llClS!j8«ffllS9 3 5-m-t&. 

Srff ffimS^Sv ^fg-^SilS 9 2 +^iyiijKjEmJS 9 

[0023] IS5 (01 5 (b) #53) :fiiIieL7t:-t 
U^-f KffitCfettl.XS6 (HI 1 (c ) #31) tH'^ 

^5^as^7)Sv^js^Il^9 2fciSimK 

0.«9 3iA»<i>^5y-X- HM>'^Ji94 2:lii/:: 40 
LD D.ffi3t<:7)p^^;f/UMO S h^Vv';^:? 9 5c7)S^3t 
Xm^^J-th. MOSy-yyi^;^^9 5XU. -f-^ H 
•:7;r-/t':^'^— 9-9 1 ( B SGM) tllfflJtKaSi: tT 

^gS^SV^^^ffil^9 2<?)gf^ai$2:4 0 nmSffitjS 

[00 24] iSj. LDDflKtcOnf-v^^HVlOSh^X 

i&iB^-^"S:''v:a6«0BSGJilJ PSG (Phospho-Silicate 
Glass) ^ttMAsSG (Arsenic Silicate Glass) 50 
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Cjy. b^. m ?-^:tyaEA-ffitfJ:v^ psgm 
'eii-?ixv-7y7yxic*;^7 -f (PHa) i!f:^t 

td,iT))^i^y ( A s Ha ) t' X^mXitixM X\.^ , 
[00251 

[»Hj*«is^t J: ^ 1 1-51111] El 1 orn^m 1 1 tc^ 

S. -tUtf-f KffiWIS5{cfcft5 2ElgO 

^i^[lfi|(^fcv^■C, <Rj8«MiiS7 5tfi5J:imja«SJ^7 
7 4'<^;nny*W7 lcf(cai< tetitS. i<ntz^. 
V-X-YV^ ymi 8 3 (^i^-^m Sr 1 0 0 n mUlT 

FL'-f y®J^8 3<0S4Miti:ir-- hSg7 4<7)iEiSS 

[0026] ^;lx\ ^'^xUi^^ KK7 9(mm. 

j^^-ri-c: tT. y-x • Ki-'f ymi83ff)m.^^-^ 
^^m-h-nmti^^^tix\-^h. t*»L, c:<7):^f 
ts. ^ifyTy^}^^ 9<ry^miz^tx^^hm{h<r) 

iitb^ i-i'yi^W^ mi 9i:ifHXmR7 HZi^ 

^j:v-xa.m^mi^ :!fy^^X'rizttmb\'\ ^ 

or. ^i§S^M7 7c7)^%!l|jg*q^i^-lC=5r5fcV^ 
[0027] 2ll]@<?)«y!aii?SS$'ffic<-tl.C:fc 

x\ y-x • H^'•<y«l^8 3cojSv^g-&S:J^^-f4:^ 

U-'f'f K^7 9i:y-x- yvMS3<n^^'ktcr> 

'^0-9<r)m±'^, KU-fyUffi-KU^^ISS^ (Vds 
-Ids) fl^-\t(7)±h±f^^^!^t^^ot^Mf/±ti. ^ 

zx\ ^i'yi^v^-f m7 9immit-tmm (^4 
mmm^m^mmM'^mm^mi (1994^) . 29?- 
ZG-10 #05) 2«y-x • ru^ y-^^y'<iA^^: 
m^^^:fTm. m, 29p-zg-ii #3?.) *sii^$nTv^5 

[00283 jSj, -f^yv-iJlf-f HK7 9«rfl!!0->U-9- 

3f>^rjgfiK$*i3tp'fBiSi 0 8?-}gtt'fk^-*S7t 

i6tc^?acOT--;l^Srffa i:. MOS Nv^J/'X^coln 
m<nm^%\<.z¥M'kH-t hcr>X\ 8 0 O'COT^t)^^ 

sfflv^s's^i-f. >i ityw^xm^^ixtz^^exmi 
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[00 29] ttz. 01 4X1/^01 5tC^ti^U3yS 
^V>gf^®JS9 20>'- hStitJi 1 0 k n/C^St® 

[00 30] -e^f^ V-;^- HWyfSiS94^*t 

^J^9 4S<0^N-yf-X/l.-S:WJ-tSfcy)> ffiiB«<7)^ 
v^Jg^I«i9 2iO<i {=-*f'f H'>=r-;i'A'^-if9 
■tS) ^0. 1 5 /xmiUJitC-r ts!oT. M 
O S h vV'Jxf 9 5<0^ti-fk3!>5Blifc=6r5 1: 

[ 0 0 3 1 ] ■^f'f H'>*-;l';^,'^— 9-9 1 SrJgfi^ 
[0032] I D ^S®fi^T'B.OiSV^ff^^ dx/i^SI* 

[0 0 3 3] m\M.tiM.2^ (Dum^^m. 
[00 34] 

[00 3 5] mmiztm<^mi. pvomtt^a 
At^zumcoRma, x/-^'yi>mizxi^mmm&^ ■ 
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1 0 

[ 0 0 3 6 J fS^5 tCgao^B^fi, x-'^C-/ i 

m^bi-i. mmeiz§m(^m»i. cvomizx 
i^Emm&mz. ^(o^m<r>M.mxiz-^mt: 

10 &JMiBtrcZbi-^ffim^b-ti>. 

[0037] mmizfm^nmi. m^m-6<r> 
\ ^■f<^*> 1 mztm<o^m:m<mtmim . 

x.t:Zbi:^ff)m^bi-&, 

[0038] ^^m8i,ziiM(mmii, m^ms-^eco 

Ub. mmi^ozbx: ^mmbi-vnymttim 
t&Lx\y?>mizi^')-^^ miBmhbmz. ^ 

p nm-^i:mthxmbz:mit^zbi-t(om'sibt 

[0039] 11^9 tceao^BStt, mm-6<7) 

\^-nx*-imzim<7y^m^t<^m^ijm{:m^^x. 
^m^}'-r^tit:.>'V oym±(>z^ -y^j^ymbm 

[0040] n^m 1 0 1 letscoMB^ii, v- y n 

mb . m^m 3 - 6 ov 1 3a(;iB®(7)¥««c^s 

b, mtmi'n^zbx\ ±mmbiyu:iymbi}<mni 
t-cv>i,ffim(c^y-!f^ K.^$rjef!S:ttt>-y-t^ mm 
m^ibmz. ±m,'i'<7)^mmt:'^v^yM'^^ 
nm^itx v-xmmfzii Kw^f ymfnimat-tix 

[0041 ] 1 1 izi?M^m\i. y 3 y^ji 

-v^mmizY-ry^^-f^ H*»A>^i.i>-'f 

t-fV-X^-^i^^-thXmb. l9^ftJB3~60V^1' 
50 ^^A>l^S^cie®^o^^^^S^<^K3i:^^£S•ffll^•C, H5I5 



1 1 

[0042] it«« 1 2 (ciaia«0%B3J±, il«Ji3-6 
[0043] 1 3 iClfiacO^BHti, i^y 3 

'>vo>mwibi}^!mbx\-^i,mmzi^v^-^ mim 

^m^ii^^ixmb t:mit:Z b-^^m^bth . 
[0044] ifj}?^ 1 4 {ztm(^%m\i .'y'j^ym. 
izm 1 mn.m.(ri^m!^^b^2^vM(^^m^mmb 

coT^mummbm tmrn^T-mA^v-r^tif::^ i 
^iSK^m-rsisj:, m&m^nozbx\ mi^ 
mmbi^va ym^ b ix^^immz'>v^^ 
mzm&-f?>xmb. n^mssm^-nnnmizii 

2^isi^^j^j^sisi:, j^'j-y-'f Hjsaixm2^ 

Zbi^<7)m^bt^. 

[004 5]if*JSl5{3aia<O^Bfl{i, tt^l2- 

1 4<o\,^-rixi}^imztm(7)^mm^Wi<omifmizii 

>bLxiM^hzbi^<nim'^b^h. mmieiz 
im(^^mi. is*3i7~i 1, i4c7)v^-mAu^{c 
imco^^^mmmm\zi}\^x. mti^')^^ h 

[0046] mim 1 7 (cie«tfo?&Bfl{i, x>'n'-/ ^-aT 
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1 2 

[004 7] t^, if^2K:teK<0^HBcj:ii{f. S 
X9^'^h:Lbt^X'th. ttz^ LDDflliiSriiiSi 

immimb LxmM.<n h i^-y yjii^«jgfii^$ix 

S. $4>lc. xUlf-f HMWii^UayfcWtTKwN- 
<r>W^i<z ii1x\f, l^^}'=i y\.zn hX K -av h t ^Sr 
ttz. mimi~-9<r>\rfixi}^imz%m<^^mzi:fl 

if. j/u-9->f mm^bm.m<^B^b^m^',z^'> 
:ibt!^X^^, ttc. i&.mm^^-^ms.-ti:ib 

10 0 4 9] ttz. 1 0 l,ZMm(7)^B^I,zXiXii. 

-t>--f Y^t-jv:^^—^i^m^bmtiL^j:\.y^nX'm 

30 iSL/c^^. ■ty-'^'f m^cr>m^bv-:^mmfcii 
Yu^ymmmfiib?:m^i,znozbtK'^t. t 
tz. ±mmimmiiuBxmbixM\^nbx\ v-xm 

[ 0 0 5 0 ] ii^o, 1 1 iztmcr>wmzxii\t. 
■9-y-t-f H«l3tc^)g«i:y-;^ffli^^/::J±K^-f VtSI* 
m^b^:m^i,zno zbii^x^ ^ . tti. ^mmax 
x/^^ v<^t-;ix^—^mmi&fmbLxm^^?>^ 
40 bx\ v-xmmtzitYi'^y^i^<7)m^''^'kiB^ 
-rtzbifix'^t. -e-L-Ts -fvf^ Yimm^zx-^xv 

-xmmrciivu^ y^m^^^tjiif&^-t^^b 
^•v' y rfftt^ M o sY-y y~j7.9 S'fis r t 

[ 0 0 5 1 ] iTt, 'mc^ 1 2- 1 5<0V^ftL*' 1 JgCC 



(8) 

1 3 

^lii^t ov^if Yiii-)Vk (r>'^h^t^m^'h^ < =5:'> 

[ 0 0 5 2 ] *;ft, if^ 1 6 t,zim<n%mziifi\i. 
TV^!5:V^^.BlBii&fBf***oiillfc:|^-r5ifc*<"e§ 10 

[00 53] 

(mmmnS) WT, *^%B«SrSD (Single Drain) 
-fk tJ^cm 1 IlilJgffi?: . m 1 2 t^trVNM Xffi 
[00541IS1 (01 (a)#»8) :LOCOSffi 20 

ffiMiffi3 {m-: 3. 5nm) St^y- MKfii4 (K 

Jf: 70nm) rJg^l>. 

to 0 5 5] XS2 (01 (b) ■.^yi^'^yt 
MimM (N2O) S:JSf4*'XtCfflV^f>:LPCVD (Low 30 
Pressure Chemical Vapor Deposition) jStCiOs ± 

mm-. 5 0nm) $:i^fi£-f&. <iS:iC. ^ffiX-y^A-y 
^'&*fflV^T->y 3i'i!ftlS2:X.7^M'.y ^ y- h 
«S4<?)(IIMtw-9-'f Hn7t-yPX'<.--t5Srigfi£-tl>. 

[0 0 5 6] IS3 (01 (c)#Bg). :ll:frttx-xf- 

-fl). <^^{-. '7^^^Fnyx>'-^-y:$'S$rfflv\ ilBOX 
rJ'yffile (K;?: 30nm) 2-m-fl.. d-t*. 40 

y^iY-y^^tz^i^ym (lUT. ^DyK-rHf-^^y 

®: 3 0 0°C, 7.n -j9^)y-/J^V-: 3- 6W, 

: 6 6 5mp a { 5mTo r r ) fJ)S. 
[0 0 5 7] IS4 (02 (a>#tS) -.^SSJ^^Xtn 
mm&trz\iRT 5!ilIlSJg: 6 2 5*Ct' 

y^6i:S^l, ;f:DyH-7-K^:?>-^6i:y-h« 50 
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1 4 

iS4 1 i^-E-tim^ tr v%|,@jm(cg3i^W{c^:? 
a«5:«v^/cJi^^giB#Ra«3 0^)-SSK, RTAS 
,1<nyH-rKf-:J'>'K6t-9--f 

[0058]tC:^X\ lliiacO?aj{i^iaK{j6 0 0~ 
7 0 0X:»>*3iS-CJ) 0 . ^ofaSSffli OS&aiaSAvS 

m*). 9im,&i}^i&<^j:^bi'i'yi'V^-( HJl7*i 

[0059] iRt, 6 OiCgJStllieKlt^SSS'lbk^g* 
try^XTtyJ<«^S^?tjg (li-^ifclS, HzOz : NH 
40H : H20=l : 1 : 5) J-fflV^jf^x-y hx-yf-y 

9yme-k^Lx^9yi^')^^ Ymm^n-t. 

S!«iia«: 8 5O'C-C'20ic?>^5!iaS:ff^ . 20 

c:co2!i]g;o««!iJltcj;i9, f-^yi^U-^-'f vmitm 
m^zB^ § tiitS^ 1 i l/'^'y- h ISS 4 «o V- h ffilJt 

U-t'f FlS74'cO:}?nyA<m«l +(:Ji£l!tL, 
#;4 0nmSS<7);ejg«coaug-^^ {^WM) 8*5 
Jg^^tlS. i^, }g^g^Sra!l^1-.g>W±. SIMS 
(Secondary Ion Mass Spectrometry ) S^fflV^illfJ: 

[0 0 60] b:LbX\ 2^n<^mmsJS.\ii 5 0- 
9 0 O-Cc^SiTS) "5 . c:<7)faSSfflJ: OJftSiaSA^B 
<^i.i:, ^iJ'yv-'J-y-'f h'M7 4'*»4,<0*'ny(:o{6ii 

t^§'<ti:'^mx^^i)^u<^£ib\^omiifih'o. 
\:iy<r>m.ti^y^^<^j:-^x^tf'm<-^^myt:^. p 

[ 0 0 6 1 ] IS5 (02 ( b ) #gS) : ±ie«XST' 

^:^ttx-y^y:7'^ffli,%, Ji^je^]l9t-f-:$'y 
v-'j-^'f H]K7i:3y^'^'^-tl)3>'^'^^^^-/n o 

-)v\ omz±mmiimLxmmi i srj^'t 
yyi^X^ 1 2<^s!aixs*^T-r&. 



1 5 

[0 0 6 2] M0Shyy'J:^fl2-C\i, V-X • H 

m.m4<7)R^in.t*m^izi&m^ii?>. tfz. mos 

[0063] ti5feU5t(i!*<^1?-U-9-^ HffiT'tt. f-:?^ 

m7 8tmm7 1 t^ov-y-tf^r F^tRiSt, ssa^^ 

t*^'IIU^. MoT. MOShyy>'X^84l,zmf<^ 

ma ( vds- Ids) ^ttoiipi^^'j^^Aiv^pigja*^ 

[0 0 64] ^ixlzMLX. ^mX'ii. -t'oyb'- 
rK^;5'>'K6"4'tc;l^oyJ!I^*JffTtt5C:i:*><?). ;K 

J^s (v-x ■ Hb-fy^iS) iojg^i^ffii. ^i^yi^ 
o:itA<T^-l>. tS-^T, M0Sh7Vi^';?.:712lCj£ 

[0 0 6 5] ^^^s^C. MOShyy>'X^12^i3^'> 
JSl X 1 0-3A/cm2i:@!»^TiRV^:t-;5^-{Ci^io 

Tjs, y-x • vu^ymm (mm&<om^^^i& 

8) cr)^m^<zn^m.-^mz^9y'y^)'f-i Ymf?^WL 
rnit^Mmt tTd^ny h'-rh'^:5'yiBi6?:fflV\$* 
[0066] ta^oT, **iS?g.l!t itxif , y-^ • H 

u-f ymL {n^&(r>m\^m-^mLS) <^^^tn.ty 

-hS«g4«iES»!ii:i:S-ISia#{cffi«Ufe±f. y-:^ 

BiiZXiHi, ay^^^V-7f^-)U10i,zii\^X. '-Koy^s 
H-rSafcf-r^yi^U^f-^ H®7$r:frLTS^ll.l 
bnim^<7)m\,^'^m.mtcoay^^' hi)^b(>ixX^^ 



(9) i^m^8-25591 2 

1 6 

a»=5r^y:J'?^^:^^5^i:*«X•#^.. ^tO. ^uy . 

Lxmm^. 

[0067] (S2Sli«0^iB) WT. *^J2rLDD« 

uzf^2mm&Bi. m3 mm4 iz^tr ^■^^ xcosi 

10 mimmmt^tm0.mtz'D\.\xim^i^L<L 
x^mm^mmmi'i. 
[0068] xgi (03 (a) #S3) -.mimmB 
(oxm tmtxibi . 

Ig2 (03 (b)#BS) r^eyj/^yiK^fc^ (N 
20) tTMB (Trinethylboren) $•S^^;{fx^Cffl^,^7t 
LPCVD^tCiO. ±£<OlSTig«§il/t:TA-<X 
c7)^®(C^ayi8S: 4X102'cm-3c7)BSGi^(Jl 
^: 1 OOnm) :^Bx>y^A'.y 
SI:ffll«^TBSGJKS:X.y^A.y^L, y-h^4c7) 

[0069] MV^T, RTAffi^fflO. Jlig^H : 3 
g'\ SlSiaS : 1 0 0 O-C-C' 1 (g gCD^jaSSrfi^d . 

coi^m, i?-'f \(^^-jux^-t2if^ff)if^oyimm 

\^m^im mm) 22m&-^tii>, bz^x\ i 
ms<7imxki^^ii9 0 0-1 1 0 ox:i>mi^X'h o > 

)UXK-^2i<^t^^(r>7fsay<r>M:Wifi^§'<^j:^}^^'X 
fiit$^^=S:<^:l.i:v^3ilSl^Q*<^>«.. ttc. im<^M^ 

[0070] ig3 (03 (c) #,^) -.f^immB 
XS4 (04 (a)#Bg) •.^immmxm4bm 
ii2ma) (ms^mizm^x. sjRS<^sv>^^^8 

40 *>m$fT.l.cOi:|SIitfrtc. ffi?8S«0^v^^ffil^2 24« 
<7)ii(ayi}^'iSm\:^ti^. 
[ 0 0 7 1 ] XS5 (04 ( b ) #M) : m 1 
c0XS 5i:(SI tT'S.i.. -e^*. ffiJgJSW^i-^^-^S ■ 
«2 2 1 ««««oav%«^«8 y-X • K 

1/ ^ yfltS 23^{i;i-tLDD ffljic?) p f-v :^-)i-M O S 
h7y>''X:?'2 4<^)IUJtXS*5^T-ri.. MOSb^v 
i;;^^2 4-C{i, V-X- HMyiSi*2 3J3j:i;fy- 

fzib. v-x- Yi'4ymi2 2mim.t-y'-v%. 

50 {|40iej|}SfiitA»'llli*fc<RSS$tt^. 



( 

17 

[00 723 in:, MOSh7>'x;^^'2 4r»i, ^ 

^^ma. 2 2<OS^5SiSi^^{C4 0nmSJKtSV^fc 
tf>, V-X- KW'f y««2 3WvSv^g^&Jg«-fSi 

MOSh^^'i^';^:^'! 2t|5imt. 1X1G-«A/ 
c m2 ^:fli*-Cffiv^;r-:/-(^*^* -^T V^-SC i: 

( 0 0 7 3 ] CO J: 0 tc. *|IM»!B(-tJV^r <±, V- 

[0 0 741 (ii!oT, ^msisBmicxixif. mim^ 

TS^S. 0*0. Bscm (i^-f K"^;}— 9-2 
1 ) cotCoyiSiS^, H':7*-;l'X'<.--t2 li^te 

mBthZtiJ^X-^, MOS h7y^*:^^'240*'/h 

[0075] ims^imB ) ar. t^^mt: s D^sit 

2*Sgg.litl5lttgjSSi5tftcov^r<i^*#2:^t< LX 

[0076] CMOS h^yi^XrS'ti. IS]— 

2<:SDtf|)S<0nf-r:t^;WMOSh7y>''X:J'3 1 
xmi (mS (a)#9S) : LOCOSa$rfflV\ pM 

MUSi -> u 3 ymwi 1 ±ccss? 2 s-mt s . 

1 2i^Jggt$iX.E)ffli^«C^n'>s;W4 0 5-jefitfS. 8! 
[00 77] mz, CVDm^mw ^tKlilCfcv-it 
•Ji^U^y^^i^JS-t^.. i^w. CVDft$:fflV\ fflj^ 

IX, y-h^^3. nf-r^/HVIOSh7y>'X:J' 

3 i<73y-Mi:s3 2, p^^-^^imoshyy'J:^^ 
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1 20>'- MgS4 Srm-rs . 
[0078]IS2 m5(h)pm 
SMtS3R^i!^;if:^t::fflv^/cLPCVDaicJ:0. ±15 

3 (JSJ?: SOnm) SrJ^ji&tS. »:(C. mma±<Oi^ 

v^ywtitmsstu'jxY-rxi' 

10 jS«a±Oy'J3y»^US3 3{i^j^*Xh^ 

[ 0 0 7 9 J IS3 (05(c) #HS) : mH&J^-yi' 

^fmHmim£i-?> . mz. ■?^:^h^yxj^y^fm 

iY-rttii-i^ymss mm:30Tim) (ot, 

y>'K-rHf-^'yjp3 5fcv^o ) ^mfS.-tt. zz 

[0 080] IS4 (06 {a)#E) : IgM^+TO 
IMiaa*Jti±RTAi£^^V\ iiliafajS: 6 2 5*C-C 

m35tmm. ^)yY-r\^^^ym35tf~Y'^ 

IB!SIS&fflV^)tJi^03?iS^^J43 OtW^aSS, RT 
Aa^fflv^fc%^O3!{iSB#ra{43 0#SS-C'tf^l.. Z<r) 
iit. ^}y\^-rY^^y^3 5t^^Y^^~)Vx^ 

30 -■9-3 4t*«#!fi4LTl.^S@mW4. f-:?yi^U-!^'f H 

itgi3 3*«i^fi£§it-CV^I);ti^>, f-^'y^-y-'f'f H]^3 

[0081 ] mz, 6 O'CSJSiCiSil^t^vijiR^bK** 
t7y=^-Ttm^^m (Jl-^itfi, H202 : NH 
4OH : H20=l : 1 : 5) 2rfflV^^C':?x-/ bx-yf-^ 

40 V^. Saaia^S: 8 5 0'CT'2llIl<058y!!ia$'ff3. i^, 

I.. zco2mn<^^m!<zX'o. i-^y-y^-f^ Ym3 
6i}<mmi^m^^tifzm. i fecttxy- h^ffis 2<oj^ 

■j-^'yv-U-tf'f H]^3 64"50'jyA^^i4'(=ffiHJ:L, 

®) 3 7ijtm^^tii. 

[0082] mz. ±ii(r>XmX'm^^ivrzT^'<^ X(7) 
50 XS5 me (b)#!!B) :ia«y3±«0y'J3yK^WS 
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afimzitLX. ^fflx-x-fA-y ^'&$rfflV^Tx»J 3^ 
[ 0 0 8 3 ] X86 (06 ( c ) #M) -: ±IB<^XSr 
5^-;l^J^{c^ig«^2:?E«U-Cie^l l^J^^-f.&. 

•eo^*. «^iJS^^sv^«•^^s«8*»/i.BK^y-x. h 

-X- >'MlS^r^li^^:SD^8Jt^7>nf••v:f;^MO 

s h 7 yi^*;^:^' 3 1 ffmsijm^'ri . 

[0084] MOShyyi^XjfSlX'li. V-X • H 

(Si8.so}Sv^^^«iS3 7 ) ai/y- hm 

S3 2«0±fcf-:J'y>'U-9--< KM3 63&<m$ilTV^-i. 20 
yi^'X if 31 ti±, *f3 0 n mgK^HSSjgsO 

[0085] ^mmx'ii . y y v-t Kf-^ yji 3 

54'l,zUy!M=Fi}^^^=tEtlltt'^. U>K-rK-f:J' 
^fK 3 5 JUfflKSttii: tr y 1 ^l^fiSSi LT 

Ki>< . -^(^fcib. 3 7 ( y-x • 30 

tmw.it cr^m^mt (^^i-mz^.'oz t § 

Ur>X. M0SVyy'JXf3 1l,zmf<^7XiW 
[0 0 86] -h^mz^ M0Sh?>'>''^^'31^feV^ 

T. jS/nM Txizmhi^-^v—^m^rmmLt: t z 

MOShyyJXi^lZt^m. lxiO-9A/'c 
'f >-^^ (SifUK^oiSi'^g-^fl^S, 3 7 ) 

yi?-'f (-y-y-t-f n^tit) t, sffii'^^aiatfiSi 

?gfcLT.-KDyF-rKf-:5'yK62-fflVM,:^r«fc. S 
«l^coaffltetiSfc LX y K-r H^:?y^3 5 5r 

[ 0 0 8 7 ] i: CI J:ittf , y yi> K 

-r^tL/vrf-^'yvy-y-'f KK3 6^:ft-LTiEM5® l 1 

ts^as<os^^g^«^S3 7t<o3>•^^'^•*^t^,f^•c so 



20 



v>l.. S!-or> EiSJil 1 i:Sfj8S<7)^v\ig-^i^3 7 

yif-f m3 6tt, ^/iiiaitciJttsgj^A'UT';^^' 

[0088] imAmsmw^) w.r. :^mt:LDDm 
Jt« P -f -v ^^)mo sh^ y-Jx 9\,z^w&kWm- 
hru-^x-^^^^Ltc:^Ammimi. mi^^'r 
f^'ix(ommm.m\zm.r,xwm-rh. :i?mmm 
{z^y,^x. mi2\izfrsLfzmmsbntm&m\iZ'z> 
\^x\m^^mL< Lx^<7^mm^j:mm^m-r^. 

[0089] XSl (07 (a)#,^) :012i:|5It. 

-MgfUS7 3«0MI?{il 5nm. *f-Y^%l A<m 

®{il 0 0 nmTJ)S. - 

XS2 (07 (b)#83) : ±IS<^XS-C'J^fi£Six;tx 

psGii^fiOJirHmi^i 0 1 ^nmh. 
[009 0] xa3 mi (c) : 7*byy:/ 

f^immi A (c, Mey-;^ • v-va ym^^ 3mf¥ 

-h^7 4{CiltS3y:J':7 N*-;H 02~1 04 

XS4 (07 (d) #BS) :#7>-/i? (HF : H20 = 
1:100) ^ffiV^fc•>i•yhx••/f■>'^/•a (^133 0 
— 6 0#) Xfi7;U:l'>'f;f>' (Ar*) $:fflV^7tXA- 
•yrJ'X yf-i^j/ffifcJ:!?, 3>':J'^'h;h-;H0 2— 1 
0 4J!gi5coa^Sg!^bli$^Uv:f^. 
•y I- \ ±E«OXSt-m$ fl/irAM 

^9yWc\^^) 50 (m?; 30nm) 
[009 1 ] vlCT\ .-t^nyh'-rKf-:?yK5 0$:^g 
:J'-y-y hi:LTf-^'yK5wt%<7)d<0 

^. ^i^c, xn^^fk'^^t. m.imci^: 3 0 0-C. 
XA'-/:?y y^^AV- : 3. 6W, 6 6 5mp 

a (5mTorr)T'«)S. ii^. ^(nif-.uyY-'7Y^ 

:5'>-J15 0iOMiifi:, 1 0- 1 5 0 n m(50liH*J3gL,-t: 

^LTtny:?^' hfitjtSrff-STti^tC. 2 0~60nmi7) 
[ 0 0 9 2 ) XS5 (07 ( e ) #hS) : -t'ovK-r 

r. T i NiKl oesrJg^-ts. Mt^«o±c. r;us 

-^^1^1 oTs-mL, ytv'ivyyv ^mmfY 

yA3iy^y:/tmizjiO. ztihiTf^mmm^m. 

izmx-ti. z'ilx. p'f-^^jmoshyyi^'xi' 

tAinmtcomt^T^^^. 

[0093] *m4iim^cib-5T(s, -i^oy K-r 



2 1 

•5 , 3 ^ MggPcOS i «.«^St^FiattS B/K?^*« 
T i X{±T i s i im'i'iti&ISctltiih. :2y9^ • 

[00 94] *|g4lim®l:J>oT{i. .1^ny 
K-r Hf-^^yffi 5 0 4) 1 1> t BJK^^Sr-&^•C^3 
0> S i£«A»<i;KoyK-rF-?-:?>-K5 0'^BII^ 10 

i«JK*WLtc<<. ISO. SAtmcorjy^'^'h*- 
5 0ni:U5ffi*>'^f>ixfc. 

(009 5] (^51116?^.®) WT, *^Bj$-LDDfl| 
iicO p :t-;UM O S h 7 y i^'X iJ- tC^MlEISSr Jt^-t 

^<'f;^<OBfB«5t0t=tS!->TI»HH-fS. i^. *||f$igiB 20 
t^3V^r, Sg4lli©gSi:|SItlSi«ai«tC'?V^TJi1?# 

C00 961IS1 (08 (a)#8S) :m4m^» 

XS2 (08 ( b ) #gg) : ^4J^©^®<^IS2 tl^I 

xms (08 (c)#ai) : y'^i-h'jyi/^y'fSitfii 

4fc:at.Snv^^'b*-;H 0 2-1 0 4Sr-5-ft-?-'*l 30 
[ 0 0 9 7 ] ^«B#, *^iO{aSi^l:t3f#oT, m=F^M. 

IMA (08 (d)#B) :m4|y63B®^XS4fcl»l 
«. 

XS5 (08 ( e ) #M) : RTAffiS:ffl»r\ ( N 
2 ) I^H^*. SyifflS : 9 0 O-C-eS 0#ra<^,^a 40 
^iO^m, ifDyK-rKf-^yll5 0fc»tR ' 

^ t , s^gg ? 4 0 n mws.<7i^msn.<om^ ^if 

Wi, s iMsas-fflv^titf J:v%. 
[0 0 98] i:C:^>T\ RTAtJ:S^«iataK{i80 
0-1 0 0 0-C*»*jiif*>Os C:c!0l£H£7)tl3t'i, 8 5 
0-9 5 O-CtctSC: ttci 0 , »t=S»^g?-^M$iJ?: 
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[0099] IMS (08 ( e ) #M) : -i<n>K-r 
T, TiNMlOeSrm't.S. 5liC'f<?)±lC. T/l^S 

[0100] ^5mtmmizh-:>xii. m4m&^m 

t fig 0 . 5 X/ mfOn V^' h *-yKcfcJtS P 

*i,zn-tl=iyf^hmn.i^m(t. |f?;5-lOQi:^S< 
'SrS. i^a, SgO. 5/xmCD3y:5'^'h*~/WtfcttS 

tzbZb. 1 X 1 0-9A/cm2O:t-^^-T'S>0, # 

[01011 (ISSSISe^JJS) sDfll 

s-, msiiZTn-fT'^^ :^(Dmmm^m^z^'>xmR'f 
n\:.mMmt.z'o\.^x\i^-^^L<Lx^ffwm:m 

[0 102] CMOS hvy-Jx^',i^ 1± 

l.zB'&^flfz S D^5t^p-?-^^vUMO s h V y=JX9 
5 2 i: S Dfl}Jt<iOn-f-^;N;UMO S h5>'^*X^' 5 3 i: 

ISl (09 (a)#,ra) : LOCOSS^fflVK pjg 

m^fa^ u 3 ya« ? i iizm=f-^-m!^ 1 2 t 

f:.\k. p'y^^)Vmosv=yyVx-^32Mfn'i-\^ 
;HVIOSh^yvX:?5 3«:?g^-t^. i^. n-5'-v-:t^;W 
MOS l-7>i''X:5'5 3{i0^t^ir->*5n'>x;W5ri:'{C 
m,-fh, t-t:.. ^Yvy-J7.9<r>Y-V^Mkl A\Z\t 

•*r^ \^^^-ji^7 6i}mkLxh^. 

[0 1 03] 182 (09 (b) #s§) : s iH4i:N2 
Ot<^fg^:ifXi:m^^fchPCVDmzX^ . JJSiOI 

mx'B^^titif^<-t xcr,±miziyvoymm5 4 

{mm-. 5 0nm) ^m^-t^. <XIZ, 'jy^77-<fe 

*ff^fflv%T. pf••^'J^/^MOs^7>'i^'x5'5 2<oy- 
X - YU^ ym^ (0jFB&) izmti^yi^^ 

55, 5 5 SrJ^EK-r^ . 

[0 104]IS3 (09 (c) #SS) 

yi^imw ny^if yiip.-)V5 5 , 5 5iss?{=}^^$ 
^T/^i^g?-ftJig^6fe*-ri,. '7^i{^\-uyxn-, 

,-}CD>'H-rKf-^'>'K5 0 (JKJi: BOnm) &3gfi£ 
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1*M¥8-255912 



23 

t±, Ktc5E^wi>«0fcl»l«'C'S)S. 
[010 5] Ht, «SOP«f •CtfOafiJaaa^niliRTA 

-•lfnyH-rFf-^'yJK5 0i:S«li:*^ML.T 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the origmal 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



Petailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the manufacture method of a 

semiconductor device and a semiconductor device, and a target. 

[0002] 

[Description of the Prior Art] In order to realize high integration and improvement in the speed of a 
semiconductor device in recent years, the further contraction of a design rule is considered. The 
prototype of 256MDRAM and the prototype of the CMOS transistor of 0. 1 micrometers of gate length 
are announced by the end of today. The contraction of device size according to a scaling law and 
improvement in the speed of the actuation accompanying it are expected by progress of such detail ed- 
izing of a transistor. 

[0003] However, it becomes [ whether only by making a transistor detailed, although reduction of 
channel resistance is attained, parasitism resistance of the diffusion layer (source drain field) of a source 
drain and resistance (contact resistance) of the contact section are equivalent to chaimel resistance, and ] 
more than it, and it becomes a failure when attaining improvement in the speed of operation. In addition, 
in order to attain improvement in the speed of operation, it is necessary to form gate wiring (electrode) 
into low resistance. 

[0004] Before, it considers as the means which makes these resistance in a semiconductor device low, 
and refractory'metals, such as titanium (Ti), a titanium tungsten (TiW), and titanium nitride (TiN), or the 
compound of those is used. Hereafter, some are explained about the. concrete technique of the reduction 
in resistance using this refractory metal. 

[0005] 1) Salicide - law - as the method of reducing parasitism resistance of a source drain field, and 
wiring resistance of a gate electrode to coincidence - Salicide (Salicide;Self-aligned silicide) - law is 
proposed (T, refer to Yoshida., etal.J.Electrochemi.Soc, Vol.137, No.6, and pp(1990)1914-1917.). 
[0006] The manufacture method of the p channel MOS transistor of LDD (Lightly Doped Drain) 
structure using the general Salicide method (Salicide structure) is explained according to the cross 
section of the device shown in drawing 10 and drawing 1 1 . 

Production process 1 (refer to drawing 10 (a)):LOCOS (Localized Oxidation of Silicon) - the element 
isolation region 72 is formed on n form single crystal silicon substrate 71 using law. Next, silicon oxide 
is formed on a substrate 71 using the oxidizing [ thermally ] method, then, CVD (Chemical Vapor 
Deposition) - the doped polysilicon film which doped boron is formed on silicon oxide using law. And 
patterning is carried out to the configuration of a request of a doped polysilicon film and silicon oxide, 
and the gate insulator layer 73 and the gate electrode 74 are formed. 

[0007] the Production process 2(refer to drawing 10 (b)):gate electrode 74 - as the mask for ion 
implantations - using - the surface of a substrate 71 boron ion (6+) - pouring in - self align —like 
(self aryne) - the low concentration field 75 is formed. 

Production process 3 (refer to drawing 10 (c)): Form silicon oxide all over the device formed at the 
above-mentioned production process using a CVD method. Next, etchback of the silicon oxide is carried 
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out using the whole surface etchback method, and the sidewall spacer 76 is formed in the side wall of 
the gate electrode 74. Then, using the gate electrode 74 and the sidewall spacer 76 as a mask for ion 
implantations, boron fluoride ion (BF2+) is injected into the surface of a substrate 71, and the high 
concentration field 77 is formed in self align. 

[0008] Production process 4 (refer to drawing 1 1 (a)): Remove the natural oxidation film formed in the 
substrate 71 surface using isotropic etching. Next, the titanium film 78 (thickness; 30nm) is formed all 
over the device formed at the above-mentioned production process using the magnetron sputtering 
method. 

the method of heat-treating the inside of a Production process 5(referring to drawing 1 1 (b)):electric 
furnace, or RTA (Rapid Thermal Annealing) - 1st heat treatment is performed at processing 
temperature: 600-700 degree C using law. Consequently, the titanium silicide (TiSi2) film 79 is formed 
in the part where the titanium film 78, a substrate 71 and the titanium film 78, and the gate electrode 74 
touch, respectively in self align. The boron in the low concentration field 75 and the high concentration 
field 77 is activated by it and coincidence, in addition, the processing time at the time of using the 
method of heat-treating the inside of an electric furnace - a 30-minute about room and RTA — the 
processing time at the time of using law is about 30 seconds. The titanium silicide film 79 is not formed 
in the part where the titanium film 78 and the sidewall spacer 76 touch at this time. 
[0009] Next, by the wet etching method using the mixed solution (a mixing ratio is H<SUB>202:NH4 
0H:H20=1 : 1 :5) of the hydrogen peroxide solution, ammonia, and water which were heated at about 60 
degrees C, the titanium film 78 which has not been silicide-ized is removed and it leaves only the 
titanium silicide film 79. Then, 2nd heat treatment is performed at processing temperature:750-900 
degree C using the heat-treating method or the RTA method in the inside of an electric furnace. In 
addition, the 2nd heat treatment time amount is the same as it of the 1st heat treatment. By this 2nd heat 
treatment, each sheet resistance of the gate electrode 74 with which the titanium silicide film 79 was 
formed in the surface, and the high concentration field 77 where the titanium silicide film 79 was formed 
in the surface is reduced by 5ohms / ** degree. 

[0010] Production process 6 (refer to drawing 1 1 (c)): Form an interlay er insulation film 80 all over the 
device formed at the above-mentioned production process. Next, the contact hole 81 which contacts the 
titanium silicide film 79 at an interiayer insulation film 80 is formed using anisotropic etching. Then, 
using a spatter, in a contact hole 8 1, it is filled up with a metallic material and tiie metal wiring 82 is 
formed. Consequentiy, the manufacturing process of the p channel MOS transistor 84 of the LDD 
structure equipped with the source drain field 83 which consists of the low concentration field 75 and 
the high concentration field 77 is completed. 

[001 1] In MOS transistor 83, parasitism resistance of the source drain field 83 and wiring resistance of 
the gate electrode 74 are reduced by coincidence by having formed the titanium silicide film 79. In 
addition, what is necessary is just to carry out the ion implantation of the n form impurities (Lynn, 
arsenic, etc.) to each fields 75 and 77, in case the n channel MOS transistor of LDD structure is formed. 
[0012] Moreover, the titanium silicide film 79 can be placed and replaced with a nickel silicide film, a 
platinum silicide film, a cobalt silicide film, etc. by placing and replacing the titanium film 78 with a 
nickel film, a platinum film, a cobalt film, etc. (the collection (1994) of the 41st applied-physics relation 
union lecture meeting drafts, 29 p-ZG -13, and 29 p-ZG -14 reference). 

2) There is the Ti/TiN laminating barrier metal method as a method of reducing the contact resistance 
between the method source drain fields and metal wiring using a Ti/TiN laminating barrier metal. This is 
also tiie structure of preventing aluminum which constitutes metal wiring, and Si substrate reacting to 
coincidence. 

[0013] It explains according to the cross section of the device which shows the process which connects 
metal wiring to the p channel MOS transistor of general structure to drawing 12 . in addition, Salicide 
described above in this manufacture method - about the same configuration member as it of law, that 
sign is made equal. 

Production process 1 (refer to drawing 12 (a)): Form a p channel MOS transistor by the same technique 
as drawing 10 . 
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[0014] Production process 2 (refer to drawing 12 (b)) : The interlay er insulation films 101, such as a 
HTO film and a BPSG film, are formed all over the device formed at the above-mentioned production 
process using the usual CVD method. 

Production process 3 (refer to drawing 12 (c)): Form the contact holes 102-104 which lead to said 
interlayer insulation film 101 at said source drain field 83 and the gate electrode 74 using 
photolithography technology and dry etching technology, respectively. 

[0015] Production process 4 (refer to drawing 12 (d)): Form the Ti film 105 (30-50nm of thickness) 
using the magnetron sputtering method on said interlayer insulation film 101 and in a contact hole 102- 
104. 

Production-process 5(refer to drawing 12 (e)): On the Ti film 105, use the magnetron sputtering method 
and form the TiN film 106 (70-lOOnm of thickness). Furthermore, on it, the aluminum alloy film 
(aluminum-Si(l%)-Cu (0.5%)) 107 is formed, and these metal membranes are processed into a 
predetermined configuration with photolithography technology and dry etching technology. 
[0016] In this way, connection between a p channel MOS transistor and aluminum wiring is made to 
complete. Said Ti film 105 is formed between a transistor and wiring in the contact section, and serves 
to reduce contact resistance of this portion. Said TiN film 106 commits the so-called barrier metal which 
prevents that aluminum and Si react. However, by this technique, since the boron (B) doped by the 
source drain field 83 is spread in the Ti film 105 and the high impurity concentration of the source drain 
field 83 falls, there is a problem which cannot desire a sharp fall of contact resistance, 
[0017] Then, before forming the Ti film 105 in this Ti fihn 105 beforehand in consideration of B being 
spread, the technique of carrying out additional doping of the B is proposed to the source drain field 83 
(Proceedings VMIC Conference June 12- 13, 1989, P105 reference). This is explained based on drawing 
13 . In addition, since the production process of drawing 13 a-c is as common as the production process 
of drawing 12 a-c, explanation is omitted and it explains from the production process after it, 
[0018] Production process 6 (refer to drawing 13 (d)): Form the new p+ layer 108 in the surface of the 
source drain field 83 by carrying out the ion implantation of the B, heat-treating fiirther to said source 
drain field 83 and the gate electrode 74, and being activated to them by using an interlayer insulation 
film 101 as a mask. After that, the metal wiring which consists of Ti film 105 / TiN film 106 / an 
aluminum alloy film 107 like drawing 12 d and e is formed. 

[0019] By carrying out like this, contact resistance can be reduced to about 30-50ohms in a contact hole 
with a diameter of 1 micrometer. 

3) In order to make a transistor detailed in time with the method of using doped oxide as a source of 
solid phase diffusion to a silicon substrate, shallow cementation (shallowjunction) of a source drain field 
(at an n channel MOS transistor, it is p+ in n+ layer and a p channel MOS transistor layer) must be 
formed from the necessity of preventing the punch-through between source drains. 
[0020] As a method of forming shallow cementation of a source drain field, the method of using doped 
oxide as a source of solid phase diffusion to a silicon substrate is proposed (M. refer to Saito, 
et.al.:IEEE, lEDM, and pp( 1992)897-900.). The manufacture method of the p channel MOS transistor of 
LDD structure using the BSG (Boro-Silicate Glass) film as doped oxide is explained according to the 
cross section of the device shown in drawing 14 and drawing 15 . in addition, Salicide described above 
in this manufacture method — about the same configuration member as it of law, that sign is made equal. 

[0021] Production process 1 (refer to drawing 14 (a)): It is the same as the production process 1 (refer to 
drawing 10 (a)) in the above mentioned Salicide method. 

Production process 2 (refer to drawing 14 (b)): Form the BSG film (thickness: lOOnm) of boron 
concentration:4xl021cm-3 all over the device formed at the above-mentioned production process using 
a CVD method. What is necessary is just to add diboron hexahydride (B-2 H6) gas in the silane (SiH4) 
gas which is material gas at the time of CVD growth, in order to form a BSG film. Next, etchback of the 
BSG film is carried out using the whole surface etchback method, and the sidewall spacer 91 is formed 
in the side wall of the gate electrode 74. 

[0022] Production process 3 (refer to drawing 14 (c)):RTA - using law, 1st heat treatment is performed 
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about processing-time:3 second and at processing temperature: 1000 degree C, the boron in the sidewall 
spacer 91 is diffused in a substrate 71, and the low-concentration shallow cementation field 92 is 

formed. 

Production process 4 (refer to drawing 15 (a)): Using the gate electrode 74 and the sidewall spacer 91 as 
a mask for ion implantations, inject boron fluoride ion into the surface of a substrate 71, and form the 
high concentration field 93 in self align. Next, 2nd heat treatment is performed using the heat-treating 
method or the RTA method in the inside of an electric furnace, and the boron in the low-concentration 
shallow cementation field 92 and the high concentration field 93 is activated. 

[0023] Production process 5 (refer to drawing 15 (b)): It is the same as the production process 6 (refer to 
drawing 1 1 (c)) in the above mentioned Salicide method. Consequently, the manufacturing process of 
the p channel MOS transistor 95 of the LDD structure equipped with the source drain field 94 which 
consists of the low-concentration shallow cementation field 92 and the high concentration field 93 is 
completed. In MOS transistor 95, since the low-concentration shallow cementation field 92 is formed 
using the sidewall spacer 91 (BSG film) as a source of solid phase diffusion, the cementation depth of 
the low-concentration shallow cementation field 92 can be made shallow with about 40nm. 
[0024] In addition, what is necessary is just to cany out the ion implantation of the n form impurities 
(Lynn, arsenic, etc.) to the high concentration field 93, while placing and replacing the BSG film for 
forming the sidewall spacer 91 with a PSG (Phospho-Silicate Glass) film or an AsSG (Arsenic Silicate 
Glass) film, in case the n channel MOS transistor of LDD structure is formed. What is necessary is just 
to add phosphine (PH3) gas or arsine (AsH3) gas in silane gas, respectively at the time of CVD growth, 
in order to form a PSG film or an AsSG film. 
[0025] 

[Problem(s) to be Solved by the Invention] Salicide shown in drawing 10 and drawing 1 1 - if it is in 
law, it has the following problems. That is, in the 2nd heat treatment in the production process 5 of the 
Salicide method, the boron in the low concentration field 75 and the high concentration field 77 is 
deeply spread in a substrate 71. Therefore, it is difficult to set the cementation depth of the source drain 
field 83 to lOOnm or less. That is, by this method, , while parasitism resistance of the source drain field 
83 and wiring resistance of the gate electrode 74 can be reduced to coincidence, there is a problem that 
shallow cementation of the source drain field 83 cannot be formed. 

[0026] Then, the method of forming shallow cementation of the source drain field 83 is proposed by 
pouring in boron fluoride ion and forming the high concentration field 77 after formation of the titanium 
silicide film 79. However, it is difficult to inject the impurity ion of a uniform dose into a substrate 71 
through the titanium silicide film 79 because of the irregularity produced on the surface of the titanium 
silicide film 79 by this method. Therefore, there is a problem that the high impurity concentration of the 
high concentration field 77 becomes an ununiformity. 

[0027] Moreover, the method of forming shallow cementation of the source drain field 83 is proposed 
by making 2nd heat treatment temperature low. However, by this method, since the high impurity 
concentration in the interface of the titanium silicide film 79 and cementation of the source drain field 
83 falls, parasitism resistance of the cementation interface concerned increases. Therefore, the problem 
of increase of the cementation leak in a reverse bias and the poor standup of a drain voltage-drain 
current (Vds-Ids) property arises. Then, although the method (the collection (1994) of the 41st applied- 
physics relation union lecture meeting drafts and 29 p-ZG -10 reference) of thin-film-izing the titanium 
silicide film 79 and the method (** and 29 p-ZG -1 1 reference) using double source drain ion- 
implantation are proposed, a manufacturing process is complicated by any method and there is a 
problem that a throughput falls. 

[0028] In addition, when the titanium silicide film 79 is placed and replaced with other silicide films (a 
nickel silicide film, a platinum silicide film, cobalt silicide film, etc.), there is the same problem as the 
above. Moreover, by the technique shown in drawing 13 , it has the following problems. That is, if hot 
annealing is performed in order to activate the p+ field 108 formed by the additional ion implantation, 
since the layout of operation in early stages of an MOS transistor will be affected, a colander is not 
obtained using the temperature of 800 degrees C or less, but there is a problem which cannot fully 
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restore the crystal defect formed by the ion implantation. 

{0029] Moreover, the method of using doped oxide as a source of solid phase diffusion to the silicon 
substrate shown in drawing 14 and drawing IS has the following troubles. Namely, the sheet resistance 
of the low-concentration shallow cementation field 92 is very as high as a lOkohm/** degree. That is, by 
this method, while shallow cementation of the source drain field 83 can be formed, there is a problem 
that parasitism resistance of the source drain field 83 increases. 

[0030] Then, in order to reduce the parasitism resistance as the source drain field 94 whole, the method 
of compensating the height of parasitism resistance of the low-concentration shallow cementation field 
92 is proposed by making deep the cementation depth of the high concentration field 93, and lowering 
the parasitism resistance. However, by this method, in order to control the punch-through between each 
source drain field 94, it is necessary to set width of face (= width of face of the sidewall spacer 91) of 
the low-concentration shallow cementation field 92 to 0. 15 micrometers or more. Therefore, there is a 
problem that detailed-ization of MOS transistor 95 becomes difficult. 

[0031] In addition, when the BSG film for forming the sidewall spacer 91 is placed and replaced with 
other doped oxide (a PSG film or AsSG film), there is the same problem as the above. This invention is 
made in order to solve the above-mentioned trouble, and it has the following purposes. 
[0032] 1] Offer the semiconductor device which is low resistance and was equipped with shallow 
cementation, and its manufacture method. 

2] Offer the semiconductor device equipped with the highly efficient transistor, and its manufacture 
method. 

3] Offer the semiconductor device equipped with the metal membrane by which the impurity was doped, 

and its manufacture method. 

[0033] 4] Ofifel-thfiJtatgeUa^Sdb^ the manufacturejnethad.QL^ of above- 

^mnnfinncd 1] or 2]. 
[0034] 

I JMeans for Solving the Problem^ Invention according to claim 1 makes it the summary to have had a 
metal membrane by which an impurity was doped. Invention according to claim 2 is formed by 
cementation with shallow source field or drain field. A drain field is equipped with LDD structure with a 
low concentration field and a high concentration field. The low concentration field is formed in the 
lower part of a sidewall spacer which consists of doped oxide formed in a side wall of a gate electrode. 
It has the Salicide structure where a silicide film was formed in self align on a source field or a drain 
field, and let it be the summary for an impurity to be doped by silicide film. 

[0035] Invention according to claim 3 is adding an impurity in a raw material of the metal membrane at 
the time of formation of a metal membrane by PVD or C VD method , and makes it the summary to have 
had a production process which forms a metal membrane by which an impurity was doped. Invention 
according to claim 4 is using an alloy target with which an impurity's was added beforehand at the time 
of formation of a metal membrane by spatter, and makes it the summary to have had a production 
process which forms a metal membrane by which an impurity was doped. 
[0036] Invention according to claim 5 is using a target which consists of a raw material of a metal 
membrane at the time of formation of a metal membrane by spatter, and a target which consists of an 
impurity, and makes it the summary to have had a production process which forms a metal membrane by 
which an impurity was doped. Invention according to claim 6 is adding an impurity to material gas of 
the metal membrane at the time of formation of a metal membrane by CVD method, and makes it the 
summary to have had a production process which forms a metal membrane by which an impurity was 
doped. 

[0037] Invention according to claim 7 makes it the summary to have had a production process which 
forms a metal membrane by which an impurity was doped by any 1 term of claims 3-6 on a silicon layer 
using a manufacture method of a semiconductor device a publication, and a production process which 
diffuses an impurity in a metal membrane into a silicon layer while forming a silicide film in a part 
where it is heat-treating and a metal membrane and a silicon layer touch. 

[0038] A production process which forms a metal membrane by which a conductive impurity with 
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which invention according to claim 8 differs from a silicon layer on a silicon layer in which an impurity 
was doped by any 1 term of claims 3-6 using a manufacture method of a semiconductor device a 
publication was doped, Let it be the summary to have had a production process which is made to diffuse 
an impurity in a metal membrane into a silicon layer, and forms pn junction in a silicon layer by heat- 
treating while forming a silicide film in a part where a metal membrane and a silicon layer touch. 
[0039] A production process which forms a metal membrane by which the conductive impurity as a 
silicon layer with the invention [ according to claim 9 ] same on a silicon layer in which an impurity was 
doped by any 1 term of claims 3-6 using a manufacture method of a semiconductor device a publication 
was doped, While forming a silicide film in a part where a metal membrane and a silicon layer touch by 
heat-treating, let it be the sunmiaiy to have had a production process which diffuses an impurity in a 
metal membrane into a silicon layer. 

[0040] A production process at which invention according to claim 10 forms a gate insulator layer and a 
gate electrode on a silicon layer, A manufacture method of a semiconductor device a publication is used 
for a production process which forms a sidewall spacer in a side wall of a gate electrode, and any 1 term 
of claims 3-6. By production process which forms a metal membrane by which an impurity was doped 
all over a device formed at the aforementioned production process, and heat-treating While forming a 
silicide film in a part where a metal membrane and a silicon layer touch and forming the Salicide 
structure, let it be the summary to have had a production process which is made to diffuse an impurity in 
a metal membrane into a silicon layer, and forms a source field or a drain field. 

[0041] A production process at which invention according to claim 1 1 forms a gate insulator layer and a 
gate electrode on a silicon layer, A production process which forms a sidewall spacer which changes 
from doped oxide to a side wall of a gate electrode, By production process which forms a metal 
membrane by which an impurity was doped all over a device formed in any 1 term of claims 3-6 at the 
aforementioned production process using a manufacture method of a semiconductor device a 
publication, and heat-treating While forming a silicide film in a part where a metal membrane and a 
silicon layer touch and forming the Salicide structure Let it be the summary to have had a production 
process which is made to diffuse an impurity in a metal membrane, and an impurity in a sidewall spacer 
into a silicon layer, respectively, forms a source field or a drain field, and forms LDD structure. 
[0042] Invention according to claim 12 makes it that summary to have had a production process which 
forms in a pars basilaris ossis occipitalis at least a metal membrane of a contact hole which is well- 
informed about any 1 term of claims 3-6 in an impurity range using a manufacture method of a 
semiconductor device a publication by which an impurity was doped, and a production process of metal 
wiring by which this metal membrane is connected to an impurity range which makes a part and is 
processed at least. 

[0043] A production process in which invention according to claim 13 forms an impurity range on the 
surface of a silicon substrate, A production process which forms in a pars basilaris ossis occipitalis at 
least a metal membrane by which the same conductive impurity as an impurity range of a contact hole 
which is well-informed about any 1 term of claims 3-6 in an impurity range using a manufacture method 
of a semiconductor device a publication was doped, While forming a silicide film in a part where a 
metal membrane and a silicon substrate touch by heat-treating, let it be the summary to have had a 
production process which diffuses an impurity in a metal membrane to the surface of a siUcon substrate. 
[0044] A production process at which invention according to claim 14 forms an impurity range of the 
1st conductivity type, and an impurity range of the 2nd conductivity type in a silicon substrate, A 
manufacture method of a semiconductor device a publication is used for any 1 term of claims 3-6. By 
production process which forms the 1st metal membrane by which the conductive impurity as this 
impurity range of a contact hole same at the pars basilaris ossis occipitalis at least which leads to an 
impurity range of the 1st conductivity type was doped, and heat-treating A production process which 
forms a silicide film in a part where the 1st mietal membrane and a siUcon substrate touch, A 
manufacture method of a semiconductor device a publication is used for any 1 term of claims 3-6. A 
production process which forms in a pars basilaris ossis occipitalis at least the 2nd metal membrane by 
which the same conductive impurity as this impurity range of a contact hole which leads to an impurity 
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range of the 2nd conductivity type was doped, Let it be the summary to have had a production process 
of metal wiring to which at least a silicide film or the 2nd metal membrane either is connected to each 
impurity range which makes a part and is processed at least. 

[0045] Invention according to claim 15 makes it the summary for an impurity range to function as the 
source or a drain of a transistor in a manufacture method of a semiconductor device given in any 1 term 
of claims 12-14. invention according to claim 16- claim 7- let it be the summary to have equipped 11 
or 14 any 1 terms with a production process which removes a metal membrane which has not been 
silicide-ized after formation of said silicide film in a manufacture method of a semiconductor device a 
publication. 

[0046] Invention according to claim 17 makes it the summary to consist of an alloy with which an 
impurity was added by metallic material in a target used by spatter. That is, while forming a silicide film 
using a metal membrane by which an impurity which serves as a dopant to silicon was doped according 
to invention according to claim 1, shallow cementation can be formed by low resistance by using a metal 
membrane by which an impurity which serves as a dopant to silicon was doped as a source of solid 
phase diffusion. 

[0047] Moreover, according to invention according to claim 2, a highly efficient MOS transistor can be 
obtained by having a source field or a drain field of the Salicide structure fonried by shallow 
cementation. Moreover, an MOS transistor which raised hot carrier resistance can be obtained by having 
LDD structure. And a low-concentration drain field is formed by making a sidewall spacer into a source 
of solid phase diffusion. Furtherniore, since an impurity which serves as a dopant to silicon is doped by 
silicide film, the resistance becomes low, can reduce parasitism resistance of a source field or a drain 
field upwards, and can form shallow cementation of a source field or a drain field. 
[0048] Moreover, according to invention given in any 1 term of claims 3-6, a metal membrane by which 
an impurity for controlling an impurity which serves as a dopant to silicon, or impurity diffusion from 
an impurity range was doped can be formed. Moreover, according to invention given in any 1 term of 
claims 7-9, formation of a silicide film and formation of a diffusion layer can be performed to 
coincidence. Moreover, shallow cementation of a diffusion layer can be formed. 
[0049] Moreover, when a sidewall spacer is formed with a metal membrane and the quality of the 
material which does not react according to invention according to claim 10, formation of formation and 
a source field of the Salicide structure, or a drain field can be performed to coincidence. Moreover, 
shallow cementation of a source field or a drain field can be formed by using a metal membrane as a 
source of solid phase diffusion. And parasitism resistance of a source field or a drain field can be 
reduced according to the Salicide structure. 

[0050] Moreover, according to invention according to claim 1 1, formation of formation and a source 
field of the Salicide structure, or a drain field can be performed to coincidence. Moreover, shallow 
cementation of a source field or a drain field can be formed by using a metal membrane and a sidewall 
spacer as a source of solid phase diffusion. And parasitism resistance of a source field or a drain field 
can be reduced according to the Salicide structure. An MOS transistor which raised hot carrier resistance 
can be obtained by moreover having LDD structure. 

[0051] Moreover, since according to invention given in any 1 term of claims 12-15 it is hard to diffuse 
an impurity to a metal membrane from an impurity range since an impurity is already doped by metal 
membrane, and high impurity concentration of an impurity range cannot fall easily, low resistance- 
ization of contact resistance is realizable. When doubling additional coverage of an isolation edge and a 
contact hole is small with detailed-izing of an element especially according to invention according to 
claim 13, an isolation edge was also etched at the time of formation of a contact hole, and even if a 
silicon substrate surface in which an impurity range is not formed is exposed, an increment in contact 
resistance is prevented by making this portion diffuse an impurity from a metal membrane. 
[0052] Moreover, according to invention according to claim 16, a metal membrane which has not been 
silicide-ized is certainly [ simply and ] removable by using the wet etching method. Moreover, 
according to invention according to claim 17, an alloy target used bymvention according to claim 4 can 
be obtained. 
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[0053] 

[Embodiment of the Invention] 

(The 1 St operation gestalt) It explains according to the cross section of the device which shows the 1st 
operation gestalt which materialized this invention to the manufacture method of the p channel MOS 
transistor of SD (Single Drain) structure hereafter to drawing 1 and drawing 2 . 
[0054] Production process 1 (refer to drawing 1 (a)):LOCOS - the element isolation region 2 is formed 
on n form single crystal silicon substrate 1 using law. Next, silicon oxide is formed on a substrate 1 
using the oxidizing [ thermally ] method. Then, the doped polysilicon film which doped boron is formed 
on silicon oxide using a CVD method. And patterning is carried out to the configuration of a request of a 
doped polysilicon film and silicon oxide, and the gate insulator layer 3 (thickness: 3.5nm) and the gate 
electrode 4 (thickness: 70nm) are formed. 

[0055] production process 2(refer to drawing 1 (b)): - LPCVD (Low Pressure Chemical Vapor 
Deposition) which used, a mono silane and nitrogen oxide (N20) for material gas - by law, silicon oxide 
(thickness: 50nm) is formed all over the device formed at the above-mentioned production process. 

j Next, etchback of the silicon oxide is carried out using the whole surface etchback method, and the 

' sidewall spacer 5 is formed in the side wall of the gate electrode 4, 

[0056] Production process 3 (refer to drawing 1 (c)): Remove the natural oxidation film formed in the 
substrate 1 surface using isotropic etching. Next, the titanium film 6 (thickness: 30nm) which doped 
boron all over the device formed at the above-mentioned production process is formed using the 
magnetron sputtering method. HereJ.nLorde£to^fo (hencefor^ a boron doped 

tit anium film^ 6 which do ped boron, the alloy target which added 5wt(^o boron to^taniumTas a target, 
an d was manufactured with the sintering proce^sls^ Moreover, spatter conditions are substrate 
heating temperature: 3 00 degree C, sputtering power:3.6W, and degree of vacuum:665mpa (5mTorr). 
[0057] Production process 4 (refer to drawing 2 (a)): Perform 1st heat treatment at processing 
temperature: 625 degree C using the heat-treating method or the RTA method in the inside of an electric 
furnace. Consequently, the titanium silicide film 7 is formed in the part where the boron doped titanium 
film 6, a substrate 1 and t he boron doped titanium fi lm 6, and the gate electrode 4 touch, respectively in 
self align, in addition, the processing time at the time of using the method of heat-treating the inside of 
an electric furnace - a 30-minute about room and RTA - the processmg time at the time of using law is 
about 30 seconds. The titanium silicide film 7 is not formed in the part where the boron doped titanium 
film 6 and the sidewall spacer 5 touch at this time. 

[0058] By the way, the 1st heat treatment temperature has a possibility that the titanium silicide film 7 
may no longer be formed, when a possibility that a bridge may be generated is between each titanium 
silicide film 7 and processing temperature becomes low, since silicide-ization will progress too much 
and residue will arise, if 600-700 degrees C is suitable and processing temperature becomes high from 
1 this temperature requirement. Moreover, when the 1st heat treatment time amount is longer than the 

above, or in being short, there is the respectively same orientation as the case where processing 
temperature is high, or the case of being low. 

[0059] Next, by the wet etching method using the mixed solution (a mixing ratio is H202:NH4 
0H:H20=1 : 1 :5) of the hydrogen peroxide solution, ammonia, and water which were heated at about 60 
degrees C, the boron doped titanium film 6 which has not been silicide-ized is removed, and it leaves 
only the titanium silicide film 7. Then, 2nd heat treatment is performed at processing temperature: 850 
degree C using the heat-treating method or the RTA method in the inside of an electric furnace. In 
addition, the 2nd heat treatment time amount is the same as it of the 1st heat treatment. By this 2nd heat 
treatment, the sheet resistance of the substrate 1 with which the titanium silicide film 7 was formed in 
the surface, and the gate electrode 4 is reduced by 5ohms / ** degree. The boron in the titanium silicide 
film 7 is spread in a substrate 1, and the shallow high-concentration cementation field (diffusion layer) 8 
whose cementation depth is about 40nm is formed in it and coincidence, in addition - for measuring the 
cementation depth - SIMS (Secondary Ion Mass Spectrometry) - what is necessary is just to use law 
[0060] By the way, when diffusion of the boron out of the titanium silicide film 7 increases too much, 
there is orientation for cementation to become deep, when 750-900 degrees C is suitable for the 2nd heat 
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treatment temperature and processing temperature becomes high from this temperature requirement, and 
processing temperature becomes low, the orientation for diffusion of the boron out of the titanium 
silicide film 7 to decrease, for cementation not to become shallow too much or for pn junction to no 
longer be formed is. Moreover, when the 2nd heat treatment time amount is longer than the above, or in 
being short, there is the respectively same orientation as the case where processing temperature is high, 
or the case of being low. 

[0061] Production process 5 (refer to drawing 2 (b)): Form an interlayer insulation film 9 all over the 
device formed at the above-mentioned production process. Next, the contact hole 10 which contacts the 
titanium silicide film 7 at an interlayer insulation film 9 is formed using anisotropic etching. Then, using 
a spatter, in a contact hole 10, it is filled up with a metallic material and a wiring layer 1 1 is formed. 
Consequently, the manufacturing process of the p channel MOS transistor 12 of SD structure equipped 
with the source drain field which consists of the shallow high-concentration cementation field 8 is 
completed. 

[0062] In MOS transistor 12, since the titanium silicide film 7 is formed in self align on the source drain 
field (shallow high-concentration cementation field 8) and the gate electrode 4, parasitism resistance of a 
source drain field and wiring resistance of the gate electrode 4 are reduced by coincidence. Moreover, in 
MOS transistor 12, since a source drain field consists of shallow high-concentration cementation fields 8 
whose cementation depth is about 40nm, shallow cementation of a source drain field can be formed. 
[0063] By the above mentioned conventional Salicide method, the silicide-ized reaction of the titanium 
film 78 and a substrate 71 and diffusion of the boron in the high concentration field 77 advance 
independently. Therefore, it is difficult to keep constant the distance of the cementation interface 
(henceforth the cementation interface A) of the high concentration field 77, and the cementation 
interface (henceforth the cementation interface B) of the titanium silicide film 79 and a substrate 71. 
Therefore, if a reverse bias is impressed to MOS transistor 84, in the part where the distance of each 
cementation interfaces A and B is short, a titanium atom will be incorporated in a depletion layer. 
Consequently, the problem of increase of cementation leakage current and the poor standup of a drain 
voltage-drain current (Vds-Ids) property arises. 

[0064] Since a boron atom exists in the boron d gaed titanium film 6 by this example to it, boron is 
spread in a substrate 1 by making the boron doped titanium film 6 into the source of solid phase 
diffusion. Therefore, the distance of the cementation interface of the shallow high-concentration 
cementation field 8 (source drain field) and the cementation interface of the titanium silicide film 7 and 
a substrate 1 can be kept constant. Therefore, even if it impresses a reverse bias to MOS transistor 12, a 
titanium atom is hard to be incorporated in a depletion layer. Consequently, cementation leakage current 
is controlled and the standup of a drain voltage-drain current characteristic becomes good, 
[0065] Incidentally, when the cementation leakage current in a reverse bias was surveyed in MOS 
transistor 12, it turned out that it is restored to 1x10-9 Aycm2 and very low order, thus, Salicide by 
which the titanium silicide film 7 was formed in the surface of a source drain field (shallow high- 
concentration cementation field 8) in self align in this operation gestalt — law (Salicide structure) and the 
method using the boron doped titanium film 6 as a source of solid phase diffusion to a substrate 1 are 
used together. 

[0066] Therefore, according to this operation gestalt, after reducing parasitism resistance of a source 
drain field (shallow high-concentration cementation field 8), and wiring resistance of the gate electrode 
4 to coincidence, shallow cementation of a source drain field can be formed. Moreover, the manufacture 
method of this operation gestalt is easy and easy, and can obtain a high throughput. By the way, 
according to this operation gestalt, in the contact hole 10, contact to a wiring layer 1 1 and the shallow 
high-concentration cementation field 8 is taken through the titanium silicide film 7 with which boron 
was doped. Therefore, good contact to a wiring layer 1 1 and the shallow high-concentration cementation 
field 8 can be obtained. That is, the titanium silicide film 7 formed into low resistance functions as an 
excellent barrier metal in a multilayer interconnection by doping boron. 

[0067] (The 2nd operation gestalt) It explains according to the cross section of the device which shows 
the 2nd operation gestalt which materialized this invention to the manufacture method of the p channel 
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MOS transistor of LDD structure hereafter to drawing 3 and drawing 4 . In addition, in this operation 
gestalt, about the same configuration member as the 1st operation gestalt, a sign is made equal, and the 

detailed explanation is omitted. 

[0068] Production process 1 (refer to drawing 3 (a)): It is the same as the production process 1 of the 1st 
operation gestalt. 

production process 2(refer to drawing 3 (b)): - LPCVD which used a mono silane, nitrogen oxide 
(N20), and TMB (Trimethylboron) for material gas - by law, the BSG film (thickness: lOOnm) of 
boron concentration:4xlp21cm-3 is formed all over the device formed at the above-mentioned 
production process. Next, etchback of the BSG film is carried out using the whole surface etchback 
method, and the sidewall spacer 21 is formed in the side wall of the gate electrode 4. 
[0069] Then, 1st heat treatment is performed at processing temperature: 1000 degree C for processing- 
time:3 seconds using the RTA method. Consequently, the boron in the sidewall spacer 21 is spread in a 
substrate 71, and the low-concentration shallow cementation field (diffusion layer) 22 whose 
cementation depth is about 40nm is formed. By the way, when diffusion of the boron out of the sidewall 
spacer 21 increases too much, there is orientation for cementation to become deep, when 900-1 100 
degrees C is suitable for the 1st heat treatment temperature and processing temperature becomes high 
from this temperature requirement, and processing temperature becomes low, the orientation for 
diffusion of the boron out of the sidewall spacer 21 to decrease, for cementation not to become shallow 
too much or for pn junction to no longer be formed is. Moreover, when the 1st heat treatment time 
amount is longer than the above, or in being short, there is the respectively same orientation as the case 
where processing temperature is High, or the case of being low. 

[0070] Production process 3 (refer to drawing 3 (c)): It is the same as the production process 3 of the 1st 
operation gestalt. 

Production process 4 (refer to drawing 4 (a)): It is the same as the production process 4 of the 1st 
operation gestalt. In addition, in the 3rd heat treatment (it sets at the production process 4 of the 1st 
operation gestalt, and is the 2nd time), the boron in the low-concentration shallow cementation field 22 
is activated by that the shallow high-concentration cementation field 8 is formed and coincidence. 
[0071] Production process 5 (refer to drawing 4 (b)): It is the same as the production process 5 of the 1st 
operation gestalt. Consequently, the manufacturing process of the p channel MOS transistor 24 of the 
LDD structure equipped with the source drain field 23 which consists of the low-concentration shallow 
cementation field 22 and the shallow high-concentration cementation field 8 is completed. In MOS 
transistor 24, since the titanium silicide film 7 is formed on the source drain field 23 and the gate 
electrode 4, parasitism resistance of the source drain field 22 and wiring resistance of the gate electrode 
4 are reduced by coincidence. 

[0072] Moreover, in MOS transistor 24, both about 40nm and since it is shallow, the cementation depth 
of each cementation fields 8 and 22 can form shallow cementation of the source drain field 23. 
Incidentally, when the cementation leakage current in a reverse bias was surveyed in MOS transistor 24, 
it turned out like MOS transistor 12 that it is restored to 1x10-9 A/cm2 and very low order. 
[0073] Thus, it sets in this operation gestalt and is the source drain field 23 (in detail). Salicide by which 
the titanium silicide film 7 was formed in the surface of the shallow high-concentration cementation 
field 8 in self align - with law (Salicide stoicture) The method using the boron doped titanium film 6 as 
a source of solid phase diffusion to a substrate 1 and the method using doped oxide (a BSG film, 
sidewall spacer 21) as a source of solid phase diffusion to a substrate 1 are used together. 
[0074] Therefore, according to this operation gestalt, the same operation and same effect as the 1st 
operation gestalt can be acquired. In addition, according to this operation gestalt, LDD structure is 
realizable. That is, by adjusting the boron concentration of a BSG film (sidewall spacer 21), and the 
width of face of the sidewall spacer 21, the property of the low-concentration shallow cementation field 
22 can be adjusted, the hot carrier resistance of MOS transistor 24 can be raised, and parasitic 
capacitance can be made small. 

[0075] (The 3rd operation gestalt) It explains according to the cross section of the device which shows 
the 3rd operation gestalt which materialized this invention to the manufacture method of the CMOS 
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transistor of SD structure hereafter to drawing S and drawing 6 . In addition, in this operation gestait, 
about the same configuration member as the 1st and 2nd operation gestait, a sign is made equal, and the 
detailed explanation is omitted. 

[0076] A CMOS transistor consists of the p channel MOS transistors 12 of SD structure and the n 
channel MOS transistors 3 1 of SD structure which were formed on the same substrate 1. 
Production process 1 (refer to drawing 5 (a)):LOCOS - the element isolation region 2 is formed on p 
form single crystal silicon substrate 1 using law. Next, the n well 40 is formed in the field alpha to 
which the n channel MOS transistor 12 is formed on a substrate 1. Then, silicon oxide is formed on a 
substrate 1 using the oxidizing [ thermally ] method. 

[0077] Next, the doped polysilicon film with which boron was doped is formed using a CVD method on 
the silicon oxide of the field beta where the p channel MOS transistor 12 is formed on a substrate 1. 
Moreover, the doped polysilicon film with which Lynn was doped on the silicon oxide of Field beta is 
formed using a CVD method. And patterning is carried out to llie configuration of a request of each 
doped polysilicon film and silicon oxide, and the gate insulator layer 3, the gate electrode 32 of the n 
channel MOS transistor 31, and the gate electrode 4 of the p channel MOS transistor 12 are formed. 
[0078] Production process 2 (refer to drawing 5 (b)): Form silicon oxide 33 (thickness: 50nm) all over 
the device formed at the above-mentioned production process by the LPCVD method which used 
nitrogen oxide for material gas as the mono silane. Next, the silicon oxide 33 on Field alpha is covered 
with a resist mask (illustration abbreviation). And to Field beta, etchback of the silicon oxide 33 is 
carried out using the whole surface etchback method, and the sidewall spacer 34 is formed in the side 
wall of the gate electrode 32. Since the silicon oxide 33 on Field alpha is covered with the resist mask at 
this time, it remains as it is. 

[0079] Production process 3 (refer to drawing 5 (c)): Remove the natural oxidation film formed in the 
substrate 1 surface corresponding to Field beta using isotropic etching. Next, the titanium film 35 
(thickness: 30nm) (henceforth the phosphorus doped titanium film 35) which doped Lynn all over the 
device formed at the above-mentioned production process is formed using the magnetron sputtering 
method. Here, in the formation method of the boron doped titanium film 6, boron is put on Lynn, the 
formation method of the phosphorus doped titanium film 35 only replaces it with, and other conditions 
are the same, 

[0080] Production process 4 (refer to drawing 6 (a)): Perform 1st heat treatment at processing 
temperature:625 degree C using the heat-treating method or the RTA method in the inside of an electric 
furnace. Consequently, the titanium silicide film 36 is formed in the part where the phosphorus doped 
titanium film 35, a substrate 1 and the phosphoms doped titanium film 35, and the gate electrode 32 
touch, respectively in self align, in addition, the processing time at the time of using the method of heat- 
treating the inside of an electric fiirnace ~ a 30-minute about room and RTA — the processing time at 
the time of using law is about 30 seconds. The titanium silicide film 36 is not formed in the part where 
the phosphorus doped titanium film 35 and the sidewall spacer 34 touch at this time. Moreover, since 
silicon oxide 33 is formed on Field alpha, the titanium silicide film 36 is not formed. 
[0081] Next, by the wet etching method using the mixed solution (a mixing ratio is H202:NH4 
0H:H20=1 : 1 :5) of the hydrogen peroxide solution, ammonia, and water which were heated at about 60 
degrees C, the phosphorus doped titanium film 35 which has not been silicide-ized is removed, and it 
leaves only the titanium silicide film 36. Then, 2nd heat treatment is performed at processing 
temperature: 850 degree C using the heat-treating method or the RTA method in the inside of an electric 
furnace. In addition, the 2nd heat treatment time amount is the same as it of the 1st heat treatment. By 
this 2nd heat treatment, the sheet resistance of the substrate 1 with which the titanium silicide film 36 
was formed in the surface, and the gate electrode 32 is reduced by 5ohms / ** degree. Lynn in the 
titanium silicide film 36 is spread in a substrate 1, and the shallow high-concentration cementation field 
(diffusion layer) 37 whose cementation depth is about 30nm is formed in it and coincidence. 
[0082] Next, silicon oxide 38 is formed all over the device formed at the above-mentioned production 
process. 

Production process 5 (refer to drawing 6 (b)): Cover the silicon oxide 38 on Field beta with a resist mask 
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(illustration abbreviation). And to Field alpha, etchback of the silicon oxide 33 is carried out using the 
whole surface etchback method, and the sidewall spacer 5 is formed in the side wall of the gate electrode 
4. Then, the titanium silicide film 7 which doped boron, and the shallow high-concentration cementation 
field 8 are formed like the 1st operation gestalt. 

[0083] Production process 6 (refer to drawing 6 (c)): Form an interlayer insulation film 9 all over the 
device formed at the above-mentioned production process. Next, the contact hole which contacts the 
titanium silicide films 7 and 36 at an interlayer insulation film 9 is formed using anisotropic etching. 
Then, using a spatter, in a contact hole, it is filled up with a metallic material and a wiring layer 1 1 is 
formed. Consequently, the manufacturing process of the p channel MOS transistor 12 of SD structure 
equipped with tiie source drain field which consists of the shallow high-concentration cementation field 
8, and the n channel MOS transistor 3 1 of SD structure equipped with the source drain field which 
consists of the shallow high-concentration cementation field 37 is completed. 
[0084] In MOS transistor 31, since the titanium silicide film 36 is formed on the source drain field 
(shallow high-concentration cementation field 37) and the gate electrode 32, parasitism resistance of a 
source drain field and wiring resistance of the gate electrode 32 are reduced by coincidence. Moreover, 
in MOS transistor 3 1, since a source drain field consists of shallow high-concentration cementation 
fields 37 whose cementation depth is about 30nm, shallow cementation of a source drain field can be 
formed. 

[0085] With this operation gestalt, since the Lynn atom exists in the phosphorus doped titanium film 35, 
Lynn is spread in a substrate 1 by making the phosphorus doped titanium film 35 into the source of solid 
phase diffusion. Therefore, tiie distance of the cementation interface of the shallow high-concentration 
cementation field 37 (source drain field) and tiie cementation interface of the titanium silicide film 36 
and a substrate 1 can be kept constant. Therefore, even if it impresses a reverse bias to MOS transistor 
3 1, a titanium atom is hard to be incorporated in a depletion layer. Consequentiy, cementation leakage 
current is controlled and the standup of a drain voltage-drain current characteristic becomes good. 
[0086] Incidentally, when the cementation leakage current in a reverse bias was surveyed in MOS 
transistor 3 1, it turned out like MOS transistor 12 that it is restored to 1x10-9 A/cm2 and very low order, 
thus, Salicide by which the titanium silicide films 7 and 36 were formed in the surface of a source drain 
field (shallow high-concentration cementation fields 8 and 37) in self align in this operation gestalt - 
law (Salicide structure), the method using the boron doped titanium film 6 as a source of solid phase 
diffusion to a substrate 1, and the method using the phosphorus doped titanium film 35 as a source of 
solid phase diffusion to a substrate 1 are used together, 

[0087] By the way, according to this operation gestalt, contact to a wiring layer 1 1 and the shallow high- 
concentration cementation field 37 is taken through the titanium silicide film 36 with which Lynn was 
doped. Therefore, good contact to a wiring layer 1 1 and the shallow high-concentration cementation 
field 37 can be obtained. That is, the titanium silicide film 36 formed into low resistance functions as an 
excellent barrier metal in a multilayer interconnection by doping Lynn. 

[0088] (The 4th operation gestalt) It explains according to the cross section of the device which shows 
tiie 4th operation gestalt which materialized hereafter the process which connects metal wiring to the p 
channel MOS transistor of LDD structure for this invention to drawing 7 . In addition, in this operation 
gestalt, about the same configuration member as the conventional technology shown in drawing 12 , a 
sign is made equal, and the detailed explanation is omitted. 

[0089] Production process 1 (refer to drawing 7 (a)): Form a p channel MOS transistor by the same 
technique as drawing 12 . The tiiickness of 15nm and the gate electrode 74 of the thickness of gate oxide 
73isl00nm. 

Production process 2 (refer to drawing 7 (b)): All over the device formed at the above-mentioned 
production process, use the usual CVD method and form the interlayer insulation films 101, such as a 
HTO film and a BPSG film. 

[0090] Production process 3 (refer to drawing 7 (c)): Form the contact holes 102-104 which lead to said 
interiayer insulation film 74 at said source drain field 83 and the gate electrode 74 using 
photolithography technology and dry etching technology, respectively. 
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Production process 4 (refer to drawing 7 (d)) : by the wet etching method (time amount 30 - 60 seconds) 
using rare fluoric acid (HF:H20=1 : 100), or the sputter etching method using argon ion (Arf ) After 
removing the natural oxidation film of 102 to contact hole 104 pars basilaris ossis occipitalis, the 
titanium film (henceforth a boron doped titanium film) 50 (thickness; 30nm) which doped boron all over 
the device formed at the above-mentioned production process is formed using the magnetron sputtering 
method. 

[0091] Here, in order to form the boron doped titanium film 50, the alloy target which added 5vrt(s)% 
boron to titanium as a target, and was manufactured with the sintering process is used. Moreover, spatter 
conditions are substrate heating temperature:300 degree C, sputtering power:3.6W, and degree of 
vacuum:665mpa (5mTorr). In addition, the thickness of this boron doped titanium film 50 has the most 
desirable range of 20-60nm, in order the range of 10-150nm is suitable and to lower a manufacturing 
cost also in it, and in order to obtain the stable contact resistance. 

[0092] Production process 5 (refer to drawing 7 (e)): On the boron doped titanium film 50, use the 
magnetron sputtering method and form the TiN film 106. Furthermore, the aluminum alloy film 107 is 
formed on it, and these metal membranes are processed into a predetermined configuration with 
photolithography technology and dry etching technology. In this way, connection between a p channel 
MOS transistor and aluminum wiring is made to complete. 

[0093] Although intentional heat treatment is omitted after boron doped titanium film 50 formation if it 
is in a **** 4 operation gestalt, it is a next process and the heat history of about 450 degrees C of 
maximum temperatures is received. In the conventional example shown in drawing 12 , since B atom 
which exists in Si substrate surface of a contact pars basilaris ossis occipitalis is spread in Ti or a TiSiX 
film by this heat history, B concentration of a contact pars basilaris ossis occipitalis falls, and the value 
of the contact resistance to p+ in a contact hole with a diameter of 0.5 micrometers is set to about 100 
ohms. 

[0094] On the other hand, if it is in a **** 4 operation gestalt, since it is controlled that boron doped 
titanium film 50 self contains B atom from the first, and B atom is spread from Si substrate to the boron 
doped titanium film 50, B concentration of a contact pars basilaris ossis occipitalis cannot fall easily, 
and the value of the contact resistance to p+ in the contact hole which is the diameter of 0.5 micrometers 
becomes low with about 5-10 ohms. In addition, the value of about 20-50 ohms in the contact resistance 
to n+ in a contact hole with a diameter of 0.5 micrometers was acquired. 

[0095] (The 5th operation gestalt) It explains according to the cross section of the device which shows 
the 5th operation gestalt which materialized hereafter the process which connects metal wiring to the p 
channel MOS transistor of LDD structure for this invention to drawing 8 . In addition, in this operation 
gestalt, about the same configuration member as the 4th operation gestalt, a sign is made equal, and the 
detailed explanation is omitted. 

[0096] the production process 1 of the Production process l(refer to drawing 8 (a)):4th operation gestalt 
— the same . 

the production process 2 of the Production process 2(refer to drawing 8 (b)):4th operation gestalt the 
same . 

Production process 3 (refer to drawing 8 (c)): Form the contact holes 102-104 which lead to said 
interlayer insulation film 101 at said source drain field 83 and the gate electrode 74 using 
photolithography technology and dry etching technology, respectively. 

[0097] When the doubling additional coverage of an isolation edge and a contact hole is small with 
detailed-izing of an element at this time, an isolation edge is also etched and the surface S of the Si 
substrate 71 in which the source drain field 83 is not formed is exposed. 

the production process 4 of the Production process 4(refer to drawing 8 (d)):4th operation gestalt — the 

same . 

Production process 5(refer to drawing 8 (e)):RTA - heat treatment for 30 seconds is performed at 
processing temperature: 900 degree C among a nitrogen (N2) ambient atmosphere using law. 
Consequently, the boron in the boron doped titanium film 50 is spread in a substrate 1, and the shallow 
high-concentration cementation field (diffusion layer) 51 whose cementation depth is about 40nm is 
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formed at the same time the part where the boron doped titanium film 50 and the substrate 1 touch 
silicide-izes. In addition, what is necessary is just to use the SIMS method, in order to measure the 
cementation depth. 

[0098] By the way, 800-1000 degrees C is suitable for the heat treatment temperature by RTA, also in 
this range, the depth of the cementation field 5 1 does not become deep too much, either, and it serves as 
optimal value while it can obtam good cementation control especially by making it 850-950 degrees C. 
In addition, what is necessary is for heat annealing which used the electric furnace to be sufficient, for 
example, just to perform heat treatment for 30 minutes at processing temperature:850 degree C among 
nitrogen-gas-atmosphere mind as heat treatment, besides RTA. 

[0099] Production process 5 (refer to drawing 8 (e)): On the boron doped titanium film 50, use the 
magnetron sputtering method and form the TiN film 106. Furthermore, the aluminum alloy film 107 is 
formed on it, and these metal membranes are processed into a predetermined configuration with 
photolithography technology and dry etching technology. In this way, connection between a p channel 
MOS transistor and aluminum wiring is made to complete. 

[0100] If it is in a **** 5 operation gestalt, the value of the contact resistance to p+ in a contact hole 
with a diameter of 0,5 micrometers becomes low with about 5-10 ohms like the 4th operation gestalt In 
addition, the value of about 20-50 ohms in the contact resistance to n+ in a contact hole with a diameter 
of 0.5 micrometers was acquired. Moreover, when the cementation leakage current of hard flow was 
measured, it was the order of 1x10-9 Aycm<SUP>2, and was the last value which would pose especially 
a problem. 

[0101] (The 6th operation gestalt) According to the cross section of the device which shows the 6th 
operation gestalt which materialized the method of reducing the contact resistance to n+ more to 
drawing 9 , it explains to the 4th operation gestalt or the 5th operation gestalt hereafter, using the 
manufacture method of the CMOS transistor of SD structure as an example for this invention. In 
addition, in this operation gestalt,. about the same configuration member as the 4th and 5th operation 
gestalt, a sign is made equal, and the detailed explanation is omitted. 

[0102] A CMOS transistor consists of the p channel MOS transistors 52 of SD stmcture and the n 
channel MOS transistors 53 of SD structure which were formed on the same substrate 71. 
Production process 1 (refer to drawing 9 (a)):LOCOS — after forming the element isolation region 72 on 
p form single crystal silicon substrate 71 using law, the p channel MOS transistor 52 and the n channel 
MOS transistor 53 are formed. In addition, although the n channel MOS transistor 53 is not illustrated, it 
is formed in n well etc. Moreover, the sidewali 76 is formed in the gate electrode 74 of each transistor, 
[0103] LPCVD using the mixed gas of Production process 2(refer to drawing 9 (b)):SiH4 and N20 - by 
law, silicon oxide 54 (thickness; 50nm) is formed adl over the device formed at the above-mentioned 
production process. Next, the contact holes 55 and 55 which lead to the source drain field (illustration 
abbreviation) of the p channel MOS transistor 52 are formed using lithography technology. 
[0104] Production process 3 (refer to drawing 9 (c)): Remove the natural oxidation film formed in a 
contact hole 55 and 55 partes basilaris ossis occipitalis using isotropic etching. Next, the boron doped 
titanium film 50 (thickness: 30nm) is formed all over the device formed at the above-mentioned 
production process using the magnetron sputtering method. Here, the formation method of the boron 
doped titanium film 50 is the same as that of what was already described. 

[0105] Furthermore, it heat-treats at processing temperature: 900 degree C using the heat-treating method 
or the RTA method in the inside of an electric fiarnace. Consequentiy, the titanium silicide film 56 is 
formed in the part where the boron doped titanium film 50 and the substrate 1 touch in self align, in 
addition, the processing time at the time of using the method of heat-treating the inside of an electric 
furnace — a 30-minute about room and RTA — the processing time at the time of using law is about 30 
seconds. At this time, the titanium silicide film 56 is not formed on silicon oxide 54. 
[0106] By the wet etching metiiod using the mixed solution (a mixing ratio is H202:NH4 
0H:H20=1 : 1 :5) of the hydrogen peroxide solution, ammonia, and water which were heated at about 4 
(refer to drawing 9 (d)):60 degrees C of production processes, the boron doped titanium film 50 which 
has not been silicide-ized is removed, and it leaves only the titanium silicide film 56. 
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Production process 5 (refer to drawing 9 (e)): Form the contact hole which leads to the source drain field 
(illustration abbreviation) of the n channel MOS transistor 53 using lithography technology. 
[0107] And the titanium film (henceforth a phosphorus doped titanium film) 57 (thickness: 30nm) which 
doped Lynn all over the device formed at the above-mentioned production process is formed using the 
magnetron sputtering method. What is necessary is just here, for the method completely same with 
forming a boron doped titanium film to be used, and to replace with boron and to use Lynn, in order to 
form the phosphorus doped titanium film 57. 

[0108] Then, on the phosphorus doped titanium film 57, the magnetron sputtering method is used and 
the TiN film 106 is formed. Furthermore, the aluminum alloy film 107 is formed on it. 
Production process 6 (refer to drawing 9 (f)): Finally process these metal membranes into a 
predetermined configuration with photolithography technology and dry etching technology. If it is in a 
**** 6 operation gestalt, the value of the contact resistance to n+ [ in / in the value of the contact 
resistance to p+ in a contact hole with a diameter of 0.5 micrometers / about 10-30 ohms and a contact 
hole with a diameter of 0.5 micrometers ] is a value which about 5-10 ohms and a low value are 
acquired, and does not have a CMOS process top problem. Moreover, a satisfactory value can be 
acquired about a cementation leak property as well as the 5th example. 

[0109] In addition, each above-mentioned operation gestalt may be changed asfoUows, and can acquire 
the same operation and the same effect even in such a case. 

(I) Place and replace the titanium films 6, 35, 50, and 57 with other metal membranes (a platinum film, 
cobalt film, etc.). By this, the titanium silicide films 7, 36, and 56 can also be placed and replaced with 
other silicide films (a platinum silicide film, cobalt silicide film, etc.). In that case, in order to form each 
above-mentioned metal silicide film, after forming the metal membrane concerned, the heat-treating 
method or the RTA method in the inside of an electric fiamace is used, and 1st heat treatment is 
performed on condition that the following. A platinum silicide film (the processing time in the inside of 
550-650 degrees C and an electric furnace: processing temperature : a 30-minute about room, RTA the 
processing time of law : about 60 seconds), a cobalt silicide film (the processing time in the inside of 
600-700 degrees C and an electric furnace: processing temperature : a 30-minute about room, RTA the 
processing time of law : about 60 seconds). 

[0110] In the 1st heat treatment, if processing temperature becomes high from the above-mentioned 
temperature requirement, since silicide-ization will progress too much and residue will arise, when there 
is a possibility that a bridge may be generated and processing temperature becomes low, there is a 
possibility that the resistance of a metal silicide film may become high. Moreover, when the 1st heat 
treatment time amount is longer than the above, or in being short, there is the respectively same 
orientation as the case where processing temperature is high, or the case of being low. 
[0111] Moreover, there are the following as an etching reagent for carrying out wet etching of each 
above-mentioned metal silicide film. A platinum silicide film (mixed solution of the nitric acid, the 
hydrochloric acid, and water which were heated at about 80 degrees C (a mixing ratio is 
HN03:HC1:H20=1:1:5)), a cobalt silicide film (mixed solution of the hydrochloric acid, hydrogen 
peroxide solution, and water which were heated at about 60 degrees C (a mixing ratio is 
HC1:H202:H20=1:1:5)). 

[0112] And in order to form each above-mentioned metal silicide film into low resistance, 2nd heat 
treatment is performed at the following processing temperature. A platinum silicide film (processing 
temperature: 800-900 degrees C), a cobalt silicide film (processing temperature: 800-900 degrees C). In 
addition, about heat treatment time amount, it is the same as it of the 1st heat treatment. In the 2nd heat 
treatment, when there is orientation for difftision of an impurity to increase too much and for the depth 
of cementation to become large if processing temperature becomes high from the above-mentioned 
temperature requirement and processing temperature becomes low, the orientation for diffusion of an 
impurity to decrease, for cementation not to become shallow too much or for pn junction to no longer be 
formed is. Moreover, when the 2nd heat treatment time amount is longer than the above, or in being 
short, there is the respectively same orientation as the case where processing temperature is high, or the 
case of being low. 
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[0113] In addition, when the metal silicide film is fully formed into low resistance by the 1st heat 
treatment, the 2nd heat treatment may be excluded. 

(2) Place and replace the titanium films 35 and 57 which doped Lynn with the titanium film which 
doped the arsenic in the 3rd operation gestalt and the 6th operation gestalt. The formation method of the 
titanium film which doped the arsenic only places and replaces boron with an arsenic in the formation 
method of the boron doped titanium film 6, and other conditions are the same, 

[0114] (3) When forming the metal membrane (titanium films 6, 35, 50, and 57) by which the impurity 
was doped using the magnetron sputtering method, arrange the target of a metal simple substance, and 
the target of an impurity simple substance side by side not using an alloy target in magnetron sputtering 
equipment. 

(4) Use a CVD method for the formation method of a metal membrane (titanium films 6, 35, 50, and 57) 
that the impurity was doped. 

[0115] In that case, in order to form a titanium film, a titanium chloride (TiC14), TDMAT (Tetrakis- 
Dimethylamido-Titanium), TDEAT (Tetrakis-Diethylamino-Titanium), etc. are used as material gas. for 
forming a platinum film - as material gas - Cyclopentadienyl allyl Platinimi etc. - it uses, for forming 
a cobalt film — as material gas — Bis-methylcyclopentadienyl Cobalt etc. — it uses. 
[0116] And the metal membrane by which the impurity was doped is formed by-adding the gas which 
contained impurities, such as 3 TMB, TMP (Trimethylphosphine), diboron hexahydride, phosphine, 
arsine, boron, etc. fluoride (BF3), in the above-mentioned material gas of a metal membrane. 

(5) Place and replace the BSG film for forming the sidewall spacer 21 with a PSG film or an AsSG film 
in the 2nd operation gestalt. And the boron doped titanium film 6, the titanium silicide film 7, and the 
shallow high-concentration cementation field 8 are established in the phosphorus doped titanium film 
35, the titanium silicide film 36, and the shallow high-concentration cementation field 37, respectively, 
are replaced with, and the n channel MOS transistor of LDD structure is formed. 

[0117] (6) Use together the 2nd operation gestalt, and the above (5) and the 3rd operation gestalt, and 
manufacture the CMOS transistor of LDD structure. . 

(7) PVD (Physical VaporDeposition) of the wide sense which includes spatters other than the magnetron 
sputtering method (a coincidence spatter, bias spatter, etc.) or a vacuum deposition method, the ion 
plating method, the ion beam deposition method, the cluster ion beam method, etc. in case the metal 
membrane (titanium films 6, 35, 50, and 57) by which the impurity was doped is formed - use law. 
[0118] (8) Place and replace the single crystal silicon substrates 1 and 71 with a single-crystal-silicon 
film, a polish recon film, and an amorphous silicon film, and form a thin film transistor. 

(9) Form the gate insulator layer 3 by the proper insulator layers (silicon nitride etc.) and those cascade 
screens other than silicon oxide. 

(10) Form the sidewall spacers 5, 34, and 76 according to the titanium films 6 and 35 and the proper 
quality of the materials (silicon nitride etc.) which do not react. When the titanium films 6, 35, 50, and 
57 are placed and replaced with other metal membranes, the sidewall spacers 5, 34, and 76 are formed 
with the metal membrane and the quality of the material which does not react. 

[0119] (1 1) The above (1) It carries out combining - (10) respectively. 

As mentioned above, although each operation gestalt was explained, technical thought other than the 
claim which can be grasped from each operation gestalt is indicated with those effects below, 
(b) The manufacture method of the semiconductor device which heat-treats again at an elevated 
temperature from said heat treatment after said heat treatment in the manufacture method of the 
semiconductor device a publication in any 1 term of claims 7-11. 
[0120] If it does in this way, a silicide film can be further formed into low resistance, 
(b) The manufacture method of the semiconductor device equipped with the production process which 
forms an interlayer insulation film all over the device formed at the aforementioned production process, 
the production process which forms the contact hole for contacting said silicide film in the interlayer 
insulation film, and the production process which is filled up with an electrical conducting material and 
forms a wiring layer in the contact hole in the manufacture method of a semiconductor device given in 
any 1 term of claims 7-11. 
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[0121] If it does in this way, contact to the low silicide film and low wiring layer of contact resistance is 
realizable. By the way, in tiiis specification, the member concerning the configuration of invention shall 
he defined as follows. 

(a) With a silicon layer, not only a single crystal silicon substrate but a well, a single-crystal-silicon film, 
a polish recon film, and an amorphous silicon film shall be included. 

[0122] (b) With PVD, not only spatters, such as a coincidence spatter, the bias spatter method, and the 
magnetron sputtering method, but a vacuum deposition method, the ion plating method, the ion beam 
deposition method, the cluster ion beam method, etc. shall be included. 
[0123] 

[Effect of the Invention] 

1] The semiconductor device which is low resistance and was equipped with shallow cementation, and 
its manufacture method can be offered. 

2] The semiconductor device equipped with the highly efficient transistor and its manufacture method 
can be offered. 

[0124] 3] The semiconductor device equipped with the metal membrane by which the impurity was 
doped, and its manufacture method can be offered. 

4] The target used bv the manufacture method of the semiconductor device of above-mentioned 1] or 2] 
can be"bffered. 



[Translation done.] 
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